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The Institute for Materials Research (IMR), referred to as ”Kinken” and established in 1916 as the 2nd Division 
of the Provisional Institute of Physical and Chemical Research, celebrated its centenary in 2016. The Kinken was 
the fi rst of six institutes to be established at Tohoku University and is one of old national university-established 
research institutes in Japan. The founding principle of the institute was ”to contribute to the well being of the 
human race and the development of civilization through the creation of new materials that are truly useful to 
society by studying both the application and basic research of a wide range of substances and materials such as 
metals, semiconductors, ceramics, compounds, organic materials, and composite materials.” Our aim has been to 
”search for scientifi c principles related to material-based sciences and their applications” to realize the founding 
principles.
During the early years, the primary research focus was steel. Thereafter, the research domains gradually 
broadened to various types of alloys and metals. In 1987, the institute was reorganized into a national collaborative 
research institute affi liated with Tohoku University. Its name was also changed to the present one, the Institute for 
Materials Research. This shows clearly that it started to expand its research fi elds to not only metals but also a wide 
range of other materials. Certifi ed as a joint usage/research center for material science in 2009, the institute is thus 
now striving to establish a new framework and to promote the research and development of new materials.
In the 20th century, along with the development of material science, new materials that served as key elements 
in material civilization were studied and developed in quick succession, bringing hitherto unforeseen convenience 
to human life. Our institute also made great contributions in materials science fields. In the early years, the 
institute became globally known for KS steel, which was the fi rst artifi cial permanent magnet and was invented 
under the leadership of Dr. Kotaro Honda, the fi rst Director of the institute. In addition to major contributions to 
the Japanese steel industry with the development of techniques for producing high-quality steel, a considerable 
success was also achieved in the development of many types of practically useable materials such as special steels 
and materials for precision instruments. Moreover, signifi cant effort was applied to basic research, which resulted 
in development of technologies associated with high magnetic fi elds and low temperatures. Pioneering research 
was conducted in magnetism, superconductivity, optical properties, and microstructure analyses for materials. 
Additionally, liquid helium, which was produced only in this institute at that time, also started to be provided for 
joint use throughout Japan. All of these have greatly contributed to Japan's academia.  
The institute's vital strengths include the merging of basic and applied sciences, and science with engineering. 
We continue to uphold the ”Kinken Spirit” of practical and innovative science since the days of Dr. Kotaro Honda. 
These days, our institute has opened up new genres in terms of material science and engineering, developing 
high performance, high quality, and multifunctional materials such as amorphous alloys with peculiar structures, 
bulk metallic glasses based on the amorphous alloys, nano-crystalline alloys, quasi-crystals, multi-component 
intermetallic compounds, oxides, ceramics, structure controlled metallic materials at a multi-scale (nano-to-micro) 
level, semiconductor materials, crystals for solar cells, fuel cell materials, hydrogen absorbing materials, nuclear 
materials, biomaterials, spintronic materials, strongly correlated materials, optical device materials, and organic 
materials. Such continued developments could also be said to be proof of the ”Kinken Spirit.”
Unlike the 20th century, in the 21st century, we presently face global-scale environmental problems such as 
global warming and the depletion of resources and energy. As a result, there is an increasing need to preserve 
the environment and work towards achieving sustainable societies. Our institute serves these themes by striving 
to ”contribute to the well being of the human race and the development of civilization through the creation of 
new materials that are truly useful to society.” While putting effort into innovative material-based sciences that can 
bring about paradigm shifts, we continue to develop our human resources.  
The institute celebrated its centenary in the constantly changing environment of globalization and university 
reform actions. This is a major turning point, and we intend to seize the opportunity for another century of 
development by upholding the ”Kinken Spirit.” 
We ask for your continuous support and encouragement in the years to come.
Prof. 
Koki TAKANASHI
Director of IMR, Tohoku University
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1916 (April 1) The Institute was initiated in Tohoku Univ. as the 2nd Division of ”the Provisional Institute of 
Physical and Chemical Research”. 
1916 Prof. Kotaro HONDA invented the KS magnet steel which brought forth the strongest permanent 
magnet in the world at that time. 
1919 (May 22) The Institute was inaugurated under the name of the Iron and Steel Research Institute (ISRI). The 
founder and the fi rst director of the Institute was Prof. Kotaro HONDA. 
1922 (August 9) ISRI was renamed as the Research Institute for Iron, Steel and Other Metals (RIISOM) and authorized to 
have 3 laboratories. Therefore, the research activities of this institute were extended to cover light and 
nonferrous metals and alloys. The name, RIISOM lasted 65 years from 1922 to 1987. 
1939 Construction of a Kapitza-type pulsed magnet (5ms, 27. 3T). 
1949 (April 1) RIISOM was authorized to have 21 laboratories. 
1952 Japan’s fi rst helium liquefi er installed.
1959 Construction of Bitter-type magnets (3.5MW, 10T). 
1957-1962 4 laboratories for nuclear materials were added and RIISOM was composed of 25 laboratories. 
1969 (June 11) Irradiation Experimental Facility was established as a branch of RIISOM at Oarai, Ibaraki Prefecture. 
1981 (April 1) High Field Laboratory for Superconducting Materials was established for promoting basic research 
for the development of high-critical fi eld superconductors. 
1986 Completion of 31. 1T hybrid magnet which generated the world's highest magnetic fi eld at that time. 
1987 (May 21) RIISOM was reorganized as a countrywide collaborative research institute to meet the current rapid 
progress in materials science and renamed lnstitute for Materials Research (lMR). 3 laboratories of 
Visiting Professors were founded for carrying out cooperative research work between this institute 
and various research institutions both domestic and foreign. 
1987 (May 21) Laboratory for Developmental Research of Advanced Materials was established. 
1994 (March) Supercomputing system was introduced. 
2002 (April 1) International Frontier Center for Advanced Materials was established. (? 2008)
2004 (April 1) Following a national reform of the university system, the IMR was integrated as unit of Tohoku 
University. 
2004 (April 1) Irradiation Experimental Facility was renamed as International Research Center for Nuclear 
Materials Science. 
2005 (April 1) Laboratory for Advanced Materials was renamed as Advanced Research Center of Metallic Glasses. 
2006 (April 1) Osaka Center for Industrial Materials Research was established. (? 2011)
2008 (April 1) International Collaboration Center was established. 
2010 (April 1) Integrated Materials Research Center for a Low-Carbon Society was established. (? 2015)
2010 (April 1) Center of Neutron Science for Advanced Materials was established.
2011 (April 1) Kansai Center for Industrial Materials Research was established. (? 2016)
2012 (June 1) Research and Development Center for Ultra High Efficiency Nano-crystalline Soft Magnetic 
Material was established.
2013 (April 1) Advanced Research Center of Metallic Glasses was renamed as Cooperative Research and 
Development Center for Advanced Materials.
2015 (April 1) Collaborative Research Center on Energy Materials was established.
2016 (April 1) Trans-Regional Corporation Center for Industrial Materials Research was established.
2016 (May 21) 100th anniversary of IMR.
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Japan was extremely restricted on importing commodities from abroad during the World War I. Especially, self-
supply of chemicals and iron and steel was forced. ln order to meet these demands, the 1st Division for developing 
nonflammable celluloid and the 2nd Division for iron and steel were established in August, 1915 and April, 1916, 
respectively, in the Provisional Institute of Physical and Chemical Research of the Tohoku Imperial University.
The fi rst head of the 2nd Division was Professor Kotaro HONDA invented the KS magnet steel soon. This was the 
beginning of a great success exploiting a variety of functional alloys such as new KS magnet steel, Sendust, Superinvar, 
Coelinvar and so on and cultivating and sending out a great number of excellent researchers. The Institute has been a 
pioneer for material research 100 years.
The Institute was reorganized on May 21, 1987 as a collaborative research institute to meet the current rapid progress 
in materials science. IMR provides opportunities for the researchers both in academic institutes and industries to carry 
out cooperative work for mutual benefi ts. The chance for this collaboration is open not only to Japanese researchers 
but also to those overseas. 
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Honda Memorial Hall
Technical Plant 2
Super Computing Center
Technical Plant 1
High Field Laboratory for
Superconducting Materials
Multi-Use Laboratory
Bldg. 2
Bldg. 1
Bldg. 3
Bldg. 4Cooperative Research
Project Laboratory
Laboratory of
α-Ray Emitters
High Field Laboratory Annex
International Center of
Educational Research
Laboratory of Low Temperature
Materials Science
Th e Address of each Facility
??? ??????? ??????
??????? ?
980-8577
??????????? 2-1-1 022?215?2181
????????????????
????????????
? 311-1313
????????????? 2145-2 029?267?3181
????????????????
????????????
? 599-8531
?????????? 1-2 ???????? ??????? 8? 072?254?6372
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????????????
? 671-2280
???????? 2167 ???????? ???????????? 2? 079?260?7209
???????? ??????? ????
Institute for Materials Research 2-1-1 Katahira, Aoba-ku, Sendai, Miyagi 980-8577 +81-?0?22-215-2181
International Research Center for 
Nuclear Materials Science 2145-2 Narita-cho, Oarai-machi, Higashiibaraki-gun, Ibaraki 311-1313 +81-?0?29-267-3181
Trans-Regional Corporation Center 
for Industrial Materials Research 
(Osaka)
8th floor, Research Organization for University-Community 
Collaborations, Osaka Prefecture University, 1-2 Gakuen-cho, Naka-
ku, Sakai, Osaka 599-8531
+81-?0?72-254-6372
Trans-Regional Corporation Center 
for Industrial Materials Research 
(Hyogo)
2nd floor, Incuvation center, University of Hyogo, 2167 Shosya, 
Himeji, Hyogo 671-2280 +81-?0?79-260-7209
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The Honda Memorial Hall was established at the 
Institute for Materials Research to honor Kotaro Honda, 
the founder of the Institute and the sixth president of 
Tohoku University. This building was constructed in 
memory of his attractive contribution over 25 years to 
Tohoku University. The construction started in October 
1939 and was completed in October 1941. The three-
stories building is made of reinforced concrete, with a 
total floor space of 2,217m2. For more than 50 years, 
the building was damaged and renewal construction 
was planned. The renewal, starting in May 1994 and 
completed in October of the same year, did not 
change the exterior of the building, and preserved 
the marble used in the entrance hall and steps. Walls 
were strengthened and the interior refurbished. The 
main rooms in the renewed Honda Memorial Hall are 
the Director Room, the Honda Memorial Room, the 
Audio-visual Room, and the Administrative Office. 
Accommodation is available, for seven people in five 
rooms, for joint researchers etc., at the Institute. Technical 
consultation is given to outside people. Honda’s 
apparatus and experiment notebooks the KS permanent 
steel magnet, and several articles which remind us of 
him are exhibited in the Memorial Exhibition Room. 
Also displayed are articles which show the history and 
achievement of the Institute.
?????
Honda Memorial Room
?????
Exhibition Room
Honda Memorial Hall
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Director (Prof. K. TAKANASHI)
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Research Laboratories
???????
Materials Property Division
???????
Materials Design Division
???????
Materials Development Division
????????????
Materials Processing and Characterization Division
??????
Collaborative Research Division
??????????????????? ????????????????
International Research Center for Nuclear Materials Science (Prof. Y. NAGAI)
?????????????? ???????????????
Cooperative Research and Development Center for Advanced Materials (Prof. T. FURUHARA)
??????????????? ????????????????
High Field Laboratory for Superconducting Materials (Prof. H. NOJIRI)
???????????? ????????????????
Trans-Regional Corporation Center for Industrial Materials Research (Prof. N. MASAHASHI)
??????????????????? ????????????????
Collaborative Research Center on Energy Materials (Prof. S. ORIMO)
????????? ????????????????
Center for Computational Materials Science (Prof. M. KUBO)
????????????? ????????????????
Center of Neutron Science for Advanced Materials (Prof. M. FUJITA)
?????????? ????????????????????????? ?????? ?????
International Collaboration Center (Prof. G. E. W. BAUER)
????????Project
??????????????????????Technical Service Center (Head:S.MIURA)
??????????????????????Administrative Offi ce (Head:Y.TAKAHASHI)  
???????????????
Collaboration Research Centers and Facilities
????????????
Deputy Director (Prof. T. J. KONNO)
????????????
Deputy Director (Prof. T. SASAKI)
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ORGANIZATION
?? ????????????????????????????????????????
?????????????????????????????? ???????????? Theory of Solid State Physics (Prof. G. E. W. BAUER)
????????? ??????????? Crystal Physics (Prof. K. FUJIWARA)
????????? ?????????? Magnetism (Prof. H. NOJIRI)
???????????? ?????????? Surface and Interface Research (Prof. E. SAITOH)
????????? ?????????? Low Temperature Physics (Prof. A. TSUKAZAKI)
??????????? ?????????? Low Temperature Condensed State Physics (Prof. T. SASAKI)
?????????????? ?????????? Metal Physics with Quantum Beam Spectroscopy (Prof. M. FUJITA)
?????????? Materials Design and Property Control?
??????????? ??????????? Physics of Crystal Defects (Prof. K. FUJIWARA)
??????????? ?????????? Microstructure Design of Structural Metallic Materials (Prof. T. FURUHARA)
????????? ?????????? Materials Design by Computer Simulation (Prof. M. KUBO)
?????????? ?????????? Irradiation Effects in Nuclear and Their Related Materials (Prof. Y. NAGAI)
???????????? ?????????? Nuclear Materials Science (Prof. E. AKIYAMA)
??????????? ??????????? Nuclear Materials Engineering (Prof. D. AOKI)
??????????? ?????????? Physics of Electronic Materials (Prof. T. MATSUOKA)
?????????? Materials Design?
????????????? ?????????? Chemical Physics of Non-Crystalline Materials (Prof. K. SUGIYAMA)
????????? ?????????? Biomaterials Science (Prof. T. ICHITSUBO)
?????????? ?????????? Solid-State Metal-Complex Chemistry (Prof. H. MIYASAKA)
??????????? ?????????? Non-Equilibrium Materials (Prof. H. KATO)
????????? ?????????? Magnetic Materials (Prof. K. TAKANASHI)
?????????? ?????????? Crystal Chemistry (Prof. S. UDA)
???????????? ?????????? Hydrogen Functional Materials (Prof. S. ORIMO)
????????? ?????????? Advanced Crystal Engineering (Prof. A. YOSHIKAWA)
??????????? ?????????? Multi-Functional Materials Science (Prof. T. GOTO)
???????????? ?????????? Deformation Processing (Prof. A. CHIBA)
?????????????? ?????????? Actinide Materials Science (Prof. D. AOKI)
????????????? ?????????? Materials Science of Non-Stoichiometric Compounds (Prof. T. J. KONNO)
???????? ?????????? Analytical Science (Prof. K. WAGATSUMA)
?????????????? Materials Processing and Characterization?
????????????? ??????????? Laboratory of Low Temperature Materials Science (Prof. T. SASAKI)
????????????? ??????????? Analytical Research Core for Advanced Materials (Prof. K. WAGATSUMA)
??????????????? ??????????? Counseling Offi ce for Student, Faculty and Staff (Prof. T. SASAKI)
?????????? (Prof. N. MASAHASHI)
?????????? (Prof. S. AWAJI)
??????????????????? ????????? (Prof. G. E. W. BAUER)
?????????? (Prof. K. FUJIWARA)
?????????????? ?????????? Collaborative Research Laboratory for Non-Equilibrium Soft Magnetic Materials (Prof. A. MAKINO)
??????????????????????????????????????? Creation of Life Innovation Materials for Interdisciplinary and International Researcher Development
????????????????? Professional development Consortium for Computational Materials Scientists (PCoMS)
?????????? Laboratory of Alpha-Ray Emitters
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?
?
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?
?
?
C
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???
Director
???
Deputy Director
?????
Board of Directors
???????
External Evaluation Committee
???????
External Advisory Board
?????
Offi ce of Research Planning
?????
Offi ce of Information and Public Relations
?????
Offi ce of Strategy Planning
????????
Offi ce of Mid-Long Term Planning
????????
Promotion Offi ce for Cooperation Among
Industry-Academia-Government
???
Division of Research Laboratories
?????????????????
???????????????????
International Research Center for Nuclear Materials Science
?????
???????
???????
?????????????
Cooperative Research and Development Center for Advanced Materials
?????
?????????????????
??????????????
High Field Laboratory for Superconducting Materials
?????
?????????????????
?????????
Center for Computational Materials Science
?????
?????????????????
??????????
International Collaboration Center (ICC-IMR)
?????
?????????????
Center of Neutron Science for Advanced Materials
?????
???????
Offi ce of Safety and Health
???????????
Trans-Regional Corporation Center for Industrial Materials Research
?????
???????????????????
Collaborative Research Center on Energy Materials
?????
???
Faculty Meeting
????
Executive Committee
???????????
Counseling Offi ce 
for Student, Faculty and Staff
????????????
Users Committee
?????????
Advisory Committee 
for Collaborative Reserch
???????
Committee for Safety and Health
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??????? Members of the Board of Directors
???????????? Members of the Users Committee
?? ???
?? ???
?? ???
?? ???
?????????????????????
Teruo KISHI (Creditable adviser, National Institute for Materials Science) 
???????????????????
Koki TAKANASHI (Director, Institute for Materials Research, Tohoku Univ.)
???????????????????????
Hiroshi KATO (President director, Tohoku Electric Power Engineering & Construction Co., Inc.)
??????????????????? ???????
Masaaki IGARASHI (Senior Executive Offi cer, Nippon Steel & Sumikin Chemical CO., LTD.) 
???????????????????????
Hideki IBA (General Manager Battery Research Division, Toyota Motor Corporation) 
?????????????????
Yasuhiro IYE (Executive Directors, Japan Society for the Promotion of Science)
??????????????????????????????
Kazuyoshi YAMADA (Director, Institute of Materials Structure Science, High Energy Accelerator Research Organization)
??????????????????
Masashi TAKIGAWA (Director, Institute for Solid State Physics, The University of Tokyo)
??????????????????????????
Toshio KAMIYA (Director, Laboratory for Materials and Structures, Tokyo Institute of Technology)
???????????????????
Fumiyoshi MINAMI (Director, Joining and Welding Research Institute, Osaka University)  
???????????????????????
Maki KAWAI (Director, Institute of Molecular Science, National Institutes of Natural Sciences)
????????????????????
Masahiro TERADA (Dean, Graduate School of Science, Tohoku Univ.) 
?????????????????????
Hirotsugu TAKIZAWA (Dean, Graduate School of Engineering, Tohoku Univ.) 
???????????????????????
Toshiaki YOSHIOKA (Dean, Graduate School of Environmental Studies, Tohoku Univ.) 
???????????????????
Shigeru OBAYASHI (Director, Institute of Fluid Science, Tohoku Univ.)  
???????????????????
Hideo OHNO (Director, Research Institute of Electrical Communication, Tohoku Univ.) 
??????????????????????
Atsushi MURAMATSU (Director, Institute of Multidisciplinary Research for Advanced Materials, Tohoku Univ.)
??????????????????????????
Hideaki SONE (Director, Cyberscience Center, Tohoku Univ.) 
?????????????????????
Motoko KOTANI (Director, Advanced Institute for Materials Research, Tohoku Univ.)   
????????????????????
Koki TAKANASHI (Director, Institute for Materials Research, Tohoku Univ.) 
??????????????????
Zenji HIROI (Professor, Institute for Solid State Physics, The University of Tokyo)
?????????????????????????
Yuko HOSOKOSHI (Professor, Graduate School of Science, Osaka Prefecture Univ.)
?????????????????????
Zenji HORITA (Professor, Graduate School of Engineering, Kyushu Univ.) 
???????????????????
Toshiyuki SHIMA (Professor, Faculty of Engineering, Tohoku Gakuin Univ.) 
???????????????????
Hideo OHNO (Director, Research Institute of Electrical Communication, Tohoku Univ.) 
???????????????????????
Atsushi MURAMATSU (Director, Institute of Multidisciplinary Research for Advanced Materials, Tohoku Univ.)
???????????????????????
Motoko KOTANI (Director, Advanced Institute for Materials Research, Tohoku Univ.)
Chairman
Chairman
Member
Member
COMMITTEES
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COMMITTEES
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??????? Members of the Executive Committee
????? Members of the Offi  ce of Research Planning
????? Members of the Offi  ce of Strategy Planning
??????? Members of the Offi  ce ofSafety and Health???????? Members of the Promotion Offi  ce for Coorperationamong Industry-Academia-Government
???????? Members of the Offi  ce ofMid-Long Term Planning
????? Members of the Offi  ce ofInformation and Public Relations
?? ???
???????????????????
Koki TAKANASHI
(Director, Head of Offi ce of Mid-Long Term Planning)
???????????????
Tadashi FURUHARA
(Head of Promotion Offi ce for Cooperation among Industry-Academia-Government)
?????????????????
Toyohiko J. KONNO
(Deputy Director, Head of Offi ce of Research Planning)
??????
Yasuyoshi NAGAI 
??????????????????
Takahiko SASAKI
(Deputy Director, Head of Offi ce of Information and Public Relations)
?????
Hiroyuki NOJIRI
????????????
Satoshi UDA
(Head of Offi ce of Strategy Planning)
???????????
Yoshinori TAKAHASHI
(Head of Administrative Offi ce)
?????
Shin-ichi ORIMO
?????????????
Michiaki YUMOTO
(Observer)
????????
Prof. E. SAITOH
????????
Prof. T. GOTO
????????
Prof. T. ICHITUBO
????????
Prof. K. SUGIYAMA
????????
Prof. H. NOJIRI
??????????
Y. TAKAHASHI
????????
Prof. K. WAGATSUMA
????????
Prof. Y. NAGAI
????????
Prof. A. YOSHIKAWA
????????
Prof. S. AWAJI
????????
Prof. K. TAKANASHI
????????
Prof. T. FURUHARA
??????????
Y. TAKAHASHI
????????
Prof. T. J. KONNO
????????
Prof. E. SAITOH
????????????
?????????? ?????
Specially Appointed Prof. M. YUMOTO
????????
Prof. T. SASAKI
????????
Prof. S. ORIMO
????????
Prof. H. NOJIRI
????????
Prof. H. MIYASAKA
????????
Prof. N. MASAHASHI
????????
Prof. A. CHIBA
??????????
Specially Appointed Prof. T.KONO
????????
Prof. T. J. KONNO
????????
Prof. A. YOSHIKAWA
?????? ????
Y. TAKAHASHI
????????
Prof. T. MATSUOKA
????????
Prof. H. KATO
????????
Prof. T. J. KONNO
??????????
H. OZAWA
??????????
T. ONODERA
????????
Prof. T. SASAKI
??????????
S. TAKEDA
??????????
Specially Appointed Prof. M. YUMOTO
??????????
Y. TAKAHASHI
?????? ????
S. CHIBA
??????????
K. FUKUSHI
??????????
S. CHIBA
????????????
H. YAMAZAKI
????????
Res. Assoc. M. YOKOYAMA
????????
Prof. D. AOKI
????????
Prof. A. TSUKAZAKI
????????
Prof. N. MASAHASHI
????????
Prof. M. FUJITA
?? ??????????????????? ??????
Prof. G. E. W. BAUER
????????
Prof. E. AKIYAMA
????????
Prof. M. KUBO
????????
Prof. K. FUJIWARA
??????????
Y. TAKAHASHI
Member 
?? ??? Head
?? ??? Head
?? ??? Head
?? ??? Head
?? ??? Head
?? ??? Member
?? ??? Member
?? ??? Member
?? ??? Member
?? ??? Member
?????????Prof. T. J. KONNO
?????????Prof. S. UDA
????????
Prof. T. FURUHARA
????????
Prof. K. SUGIYAMA
?????????
Assoc. Prof. T. YAMAMURA
????????
Prof. K. WAGATSUMA
????????
Prof. H. MIYASAKA
????????
Res. Assoc. T. SATO
????????
Prof. H. NOJIRI
????????
Prof. H. KATO
??????????
H. OZAWA
????????
Prof. A. CHIBA
?????????
Assoc. Prof. T. NOJIMA
?? ??? Head
?? ??? Member
???????????Prof. T. J. KONNO?????????Prof. T. FURUHARA
?????????Prof. K. TAKANASHI
?????????Prof. T. SASAKI
?? 29.7.1?? (July, 2017)
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??????
STAFF MEMBERS, STUDENTS AND VISITING RESEARCHERS
?
?
?
?
?
?
?
S
T
A
F
F
 M
E
M
B
E
R
S
, 
S
T
U
D
E
N
T
S
 A
N
D
 V
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G
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E
S
E
A
R
C
H
E
R
S
a?????
a?b?c????????????
Number of Staff
Number of Foreign Staff and Students Included in the Above Members
????? ???? Professors 26 ???? Administrative Staff 33
????? ???? Associate Professors 34 ???? Technical Staff 54
??? Senior Assistant Professors 2 ????? Part Time Employees
????? ???? Assistant Professors 63 ??? Researchers 43
??? Research Associates 5 ???? Administrative / Technical Staff 81
? Total 343
b??????????????????? Number of Graduate Students, etc.
?? ?????? ?????? ??????? ??? ?
Classifi cation Master Course Doctor Course Special Research Student Research Student Total
?????? 37 23 0 0 60
Science 
?????? 81 38 0 0 119
Engineering 
???????? 9 2 0 0 11
Environmental?Studies 
??????? 0 0 0 0 0
Biomedical Engineering 
??? ? ? ? 0 0IMR 
?  Total 127 63 0 0 190
???? ??? ? ??????
??????????
???????????
??????????
??????????
??????????
??????????
??????????
??????????
????
?????????????
??????
??????????????????????????
c???????Number of Visiting Researchers
???????? ?? 6
Visiting Professors and Associate Professors
???????
Japan Society for the Promotion of Science
??????Research Fellowship for Young Scientists 11
?????????Postdoctoral Fellowship for Overseas Researchers 1
?????????Invitation Fellowships for Research in Japan 0
????????? 19
Collaborative Researcher in Private Company
??? *2 1
Others
?  Total 38
?
Country 
???
School
Personnel
?????
Graduate Student ???
??? 
Research
Students
in the
Institute
????
?????
Visiting
Professors
and
Associate
Professors 
???????
Japan Society for the Promotion of Science
??? ??
Others
?
Total 
????
?? 
Master
Course
????
?? 
Doctor
Course
????
??
Special
Research
Student
???
Research
Student
???
??? 
Research
Fellowship
for Young
Scientists
????
????? 
Postdoctoral
Fellowship
for Overseas
Researchers 
????
????? 
Invitation
Fellowships
for Research
in Japan
??? India 3 3
?????? Indonesia 3 1 4
?? Korea 2 1 7 1 11
?? Thailand 1 1 2
?? Taiwan 2 1 3
?? China 17 15 19 2 53
???????? Bangladesh 1 1
?????? Austria  1 1
?? Chile 1 1
???? United Kingdom 1 1
????? Slovensko 1 1
??? Germany 1 1 2
???? France 1 1
??? Russia 2 2
??? Iran 1 1
??? Turkey 1 1
??Total 30 19 34 4 1 88
?????????????????????????
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?????????
????????????????????????
?????????????????????????
?????????????????????????
????
?????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
??????????????????????????
???????????????????????????
??????????????
??????
???????????????????????
?????? ???????????
??????
???????????????????????
???????????????????????
? ??????????
????????
???????????? ????????????
?????????????? ??????????
????????????????????
???????????
???????????????????????
???????????????????????
?? ???????????
?????????????????????? ?????
?????? ???? ?????????????????
?????????????????????????
?????????????????????????
????????????????????
Collaborative research is opened for academic-
staff members of universities and research institutions 
sponsored by various governmental agencies, mainly 
the Ministry of Education, Science and Culture, as 
well as private organizations. In principle, the IMR-
collaboration distinguishes from more usage of 
experimental facilities, but rather conducts joint 
research projects performed in the following divisions 
of this institute in order to address researches in 
materials science fi elds.
Joint research project conducted by researchers of 
IMR and other universities/institutions; Four categories 
”Research in Priority Areas”, ”General Research”, 
”Exploratory Research for Young Researchers” and 
”Work-shop” are prepared. 
a) Research in Priority Areas
Original and leading research of special priority with 
total budget 0.45 million JPY or more and 1.15 million 
JPY or less. 
b) General Research
Research that is expected to produce results of 
collaboration, having the potential to develop into 
”Research in Priority Areas” 
c) Exploratory Research for Young Researchers
Research in an early stage of development for young 
researchers (not older than 37 years) with total 
budget up to 0.25 million JPY. Excellent collaborative 
researches will be commended.
d) Work-shop
Meeting or forum to discuss latest key data and 
knowledge mutually on current research topics with 
total budget  1.15 million JPY or less.
Collaborative research projects are carried out 
with researchers from universities and independent 
administrative agencies. The studies are on 1) irradiation 
effects of various nuclear materials utilizing JMTR* (Japan 
Materials Testing Reactor), experimental fast reactor 
JOYO, JRR-3 etc. in JAEA (Japan Atomic Energy Agency) 
at Oarai, Ibaraki Prefecture, and 2) new type of actinide 
materials, including researches on nuclear fuels and their 
recycling processes.
* JMTR is planning out of operation for regulation.
Individual Research Laboratories
???????????????????????????????
International Research Center for Nuclear Materials Science
?????????????
??
?
?
?
?
?
?
?
?
?
?
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????
Category
?? ????
2014
?? ????
2015
?? ????
2016
??
Projects
??
Researchers
??
Projects
??
Researchers
??
Projects
??
Researchers
?????
Individual
Research
Laboratories
??????
Research in Priority Areas
1
976
5
958
3
812
??????
General Research
100 111 104
????????
Exploratory Research for Young Researchers
13 10 10
???????????
Work-shop
9 6 5
?????Subtotal 123 976 132 958 122 812
???????????????????????
International Research Center for Nuclear Materials Science
71 830 71 609 89 460
?????????????????
Cooperative Research and Development Center
for Advanced Materials (CRDAM)
98 242 97 157 79 164
??????????????????
High Field Laboratory for Superconducting Materials
72 459 86 574 101 484
???????????
Center for Computational Materials Science
30 106 33 124 29 97
?????Total 394 2,613 419 2,422 420 2,017
?????????????????????????
?????????????????????????
?????????????????????????
??????????????
????????????????????????
?????????????????????????
??????????????????????????
????????????????????????
?????????????????????????
?????????????????
The collaborative research projects are carried out to 
design and develop various new materials. The researches 
are collaborated with Research Divisions of CRDAM or 
by using experimental facilities in CRDAM. Excellent 
collaborative researches will be commended.
Collaborative research projects are performed for basic 
and applied research of high temperature superconducting 
materials and for developing new materials in high fi elds by 
using superconducting magnets or hybrid magnets.
Collaborative research projects are performed for 
basic and application research on materials by using the 
supercomputers in the Center.
?????????????????????????
??????????????????????????
???????????????????
????????????????????
Cooperative Research and Development Center for Advanced Materials (CRDAM)
High Field Laboratory for Superconducting Materials
Center for Computational Materials Science
Th e Number of Collaborative Research Projects and Researchers in Recent Years
??
??
??
COLLABORATIVE RESEARCH
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?? ????
2014
?? ????
2015
?? ????
2016
????
Joint Research
??
121 110 122
Projects
??????
245,177 352,495 224,945
Research Fund (Thousand Yen)
????????
42 40 19
Collaborative Researchers
????
Commissioned Research
??
69 73 59
Projects
??????
1,219,316 917,935 1,110,866
Research Fund (Thousand Yen)
?? ????
2014
?? ????
2015
?? ????
2016
??
The Number of Cases 26 27 23
?????????????? ???????? ??? ?????
The Number of Collaborative Patent Registrations with Private Companies
/All Patents Held by IMR Staffs (As of May, 2017)
208 / 305
??????????????????The numbers were reported by IMR Staff.
??????
?
?
?
?
?
?
?
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??????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
??????????????
Institute for Materials Research (IMR) has kept a close 
relationship to industries since its foundation, as was 
described as ”Industry is a training ground of academia” 
by the fi rst director, Dr. Kotaro Honda. To this day we are 
making continuous efforts for contributing to industries 
through the commercialization of new materials, giving 
academic/technical advice to private companies, and 
enforcement of collaborative research projects.
Mater ia l  Solut ions Center  (MaSC) promotes a 
development of new-functional materials by industry-
government-academia cooperation on the basis of cutting-
edge technologies developed in Tohoku University such 
as nano-metal control, ultra-hybrid material and quantum-
dot fabrication technologies. Main research subjects 
are ? infrastructural materials, ? electronic materials 
and ? energy related materials. The center is cooperated 
by Tohoku University headquarters and Institute of 
Multidisciplinary Research for Advance Materials (IMRAM), 
Institute for Fluid Science (IFS) and IMR in Tohoku University.
???????????????
??????????????????????
Joint Research and Commissioned Research with Private Companies
Material Solutions Center
?????????????? Joint Research and Commissioned Research in Recent Years
?????????? Number of Invention Notifi cation
????????????????? Number of Patents
? ??????????????????????????????
? ?????????????????????????????
?????????
Left: Electron Beam Melting (EBM) system
Right: High Entropy Alloy (HEA) impeller with complex 
design fabricated by EBM additive manufacturing
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? ??????
?? ?????????
? ??????
?? ?????????
? ??????
?? ?????????
? ??????
?? ?????????
? ??????
?? ?????????
???? ???
Private Companies/Total
25/43 25/32 19/32 12/26 30/38
Group Photo in the 81st (2011, Nagoya)
? ???????????????? ????
Group Photo in the First Time (1922)
? ????????????????? ????????
???????????????????????????? ?
The Number of Technical Consultation in MOBIO
?????????? ?????
Category of Supported Company (2016)
16%
20%
45%19%
???????
Electrical Components/
Electronic Parts
???????
Material Production
and Processing
???????
Machine  and
Machine Parts
???
Others
INDUSTRY-ACADEMIA COOPERATION
????????????????????????
???????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
??????????????????????????
Trans-Regional Corporation Center for Industrial 
Materials Research makes a social contribution through 
transferring academic outputs in collaborative research to 
social needs by material science cultivated in IMR and the 
actual achievements in industry-government-academia 
cooperation over 10 years at Kansai area. Further, Center 
aims to build the matured society through developing 
manufacture industry and local creation by strengthening 
industrial technology, innovation creation and educating 
next-generation human resources.
???????????????? Trans-Regional Corporation Center for Industrial Materials Research
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
? ???? ??? ???? ?? ???????????? ?
?? ?? ?????????????????????
???????????
KINKEN Summer School is one of our contributions to 
industries by providing lectures on the basics of materials 
development and the trend of current research for the engineers 
in private companies. This school continued to be held for over 
ninety years since 1922 and the 86th school was organized in 
2016. Recently the place where the school is held alternatively 
changes between Sendai-city and the other area in Japan.
??????? KINKEN Summer School
? ?????? ? ??????? ??????????????????
? ?????? ? ??? ?????????? ?? ????
Left: 2016.11.4 Night course University Seminar, "Takumi no 
Waza project"
Right: 2016.10.29 Outstanding Paper Award of the 50th 
Japan Copper and Brass Association
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???
BUDGET
?
?
?
?
B
U
D
G
E
T
??????????? Budget for 2016 Fiscal Year
??????????????????????????
???????
A B C D E F G H
?
Total???
Personnel
???
Non-Personnel
?????
????
Grants-in-Aid
for Scientifi c 
Research
?????
Joint Research
Fund
?????
Commissioned
Research
Fund
???
Donations
??????
Other
Subsidies
????
Supplementary
Budget
?????? ?
2016 1,864,378 1,831,285 547,690 196,803 806,140 45,692 334,905 0 5,626,893
?????? ?
2015 1,882,915 1,999,508 513,546 343,812 996,046 67,657 385,439 0 6,182,596
?????? ?
2014 1,906,980 1,927,497 485,310 236,714 1,067,574 94,436 557,068 0 6,275,579
?????? ?
2013 1,867,469 2,113,061 556,967 194,154 1,211,660 72,187 676,910 42,700 6,735,108
?????? ?
2012 1,909,264 2,029,704 427,566 242,977 970,859 62,821 835,363 2,029,782 8,508,336
??????? Yearly Trend of Budget
???????????
Operating Expense Subsidy (Personnel) from Ministry of
Education, Culture, Sports, Science and Technology
???????????
Operating Expense Subsidy(Non-Personnel) from Ministry of
Education, Culture, Sports, Science and Technology
?????????
Grants-in-Aid for Scientifi c Research
?????
Joint Research Fund
A
B
C
D
B
C
D
E
F H
G
A
32.6%
33.1%
14.3%
0.8%
0%
6%
9.7%
3.5%
E
F
G
H
?????
Commissioned Research Fund
???
Donations
??????
Other Subsidies
????
Supplementary Budget
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PUBLICATIONS AND AWARDS
?
?
?
?
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????
???
Research Papers
Awards
?????????????????????????????????????????????????????????? ?????????????? ?
 Number of Recent Research Papers Published by the Members of IMR (Clarivate Analytics : Web of ScienceTM (As of June, 2017))
?? 28??2016?
?? 22??2010?
?? 21??2009?
?? 23??2011?
?? 24??2012?
?? 25??2013?
?? 26??2014?
100 200 300 400 500 600 700
10% 20% 30% 40% 50% 60% 70%0
????
Total Number of Papers
?????????
The number of Joint Papers with
Researchers in Foreign Institutes
??????????
Ratio of Joint Papers with
Researchers in Foreign Institutes
????Number of papers
???????????Ratio of Joint Papers with Researchers in Foreign Institutes
193
157
194
209
206
196
605
626
541
545
624
474
508
0
?? 27??2015?
535
167
220
?????? Kotaro HONDA ?? 12??1937
?????? Hakaru MASUMOTO ?? 30??1955
?????? Takejiro MURAKAMI ?? 31??1956
?????? Seiji KAYA ?? 39??1964
?????? Yunoshin IMAI ?? 4??1992
?????? Tsuyoshi MASUMOTO ?? 12??2000
?????? Hidetoshi FUKUYAMA ?? 28??2016
?????? Hakaru MASUMOTO ?? 21??1946
????? Kotaro HONDA ?? 5??1916
????? Takeshi SONE ?? 14??1925
????? Takejiro MURAKAMI ?? 2??1927
????? Hakaru MASUMOTO ?? 6??1931
????? Seiji KAYA ?? 17??1942
????? Eizo KANDA ?? 35??1960
????? Yunoshin IMAI ?? 42??1967
????? Tsuyoshi MASUMOTO ?? 58??1983
????? Hideji SUZUKI ?? 4??1992
????? Akihisa INOUE ?? 14??2002
?? ????
?? ?????
?? ????????
?? ??????
Order of Culture
Culture Merit
Imperial Prize
Japan Academy Prize
????? Masato SAGAWA ?? 24??2012
????? Masashi KAWASAKI ?? 18??2006
????? Eiji SAITOH ?? 23??2011
???????Prizes for Science and Technology
????? Kazuo WATANABE????? Research Category)
?? 17??
2005
????? Shin-ichi ORIMO????? Research Category)
?? 24??
2012
????? Akira YOSHIKAWA????? Development Category)
?? 26??
2014
????? Mistuo NIINOMI????? Research Category)
?? 27??
2015
????? Akihiro MAKINO????? Development Category)
?? 29??
2017
????? Takashi MATSUOKA????? Research Category)
?? 29??
2017
????? Eiji SAITOH????? Research Category)
?? 29??
2017
????????The Young Scientists’ Prize
????? Tomoteru FUKUMURA ?? 21??
2009????? Akira OHTOMO
????? Eiji SAITOH ?? 23??2011
????? Kazuya ANDO ?? 24??2012
????? Ken-ichi UCHIDA ?? 25??2013
????? Yusuke NAMBU ?? 29??2017
???????????The Prize for Creativity
????? Kenichiro SASAMORI ?? 17??2005
????? Akira OKUBO ?? 18??2006
??????????The Commendation by the Minister of Education, Culture, Sports, Science and Technology
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??????????
??????????????????? 17??????
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Japan Prize
????? Eiji SAITOH ?? 23??2011
???????????? Japan Academy Medal
JSPS Prize
Commendation for Science and Technology by the Minister of
Education, Culture, Sports, Science and Technology Since 2005
Citation of Merit for Industry-Academia-Government Collaboration
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?????????? Korea Institute of Science and Technology* ?? 1989.11.15
??????? Seoul National University* ?? 1993. 7.14
????? Pusan National University ?? 1996.10.28
?????? Yonsei University* ?? 1996.11.14
??????????? Research Institute of Industrial Science and Technology ?? 1996. 4.21
??????????????????? Hanyang University, Ceramic Processing Research Center ?? 1999. 5.13
?????? Dong-Eui University* ?? 2002. 5.31
?????? Changwon National University* ?? 2004. 4. 9
?????? Korea University* ?? 2005.11.26
??????????? College of Engineering, Korea Maritime University ?? 2009. 4.15
????????????? Singapore Institute of Manufacturing Technology ?????? 2005. 5. 6
?????????????????? King Mongkut's Institute of Technology Ladkrabang* ?? 2004. 4.15
??????? National Taiwan University* ?? 1998. 3.23
???????????? Metal Industries Research and Development Centre ?? 2015.12.18
???????????? Chinese Academy of Science, Institute of Solid State Physics ?? 1985. 1. 1
?????????? Chinese Academy of Science, Institute of Physics ?? 1993. 2.17
??????? Wuhan University of Technology* ?? 1994. 5.13
????? Tsinghua University* ?? 1994. 8.10
??????? The Hong Kong University of Science and Technology* ?? 1996.10. 1
?????????? Chinese Academy of Science, Metal Institute ?? 1997.11.26
????????????? Chinese Academy of Science, Shanghai Institute of Ceramics ?? 1998.12. 3
????? Chongqing University* ?? 2001. 6.15
??????? University of Science and Technology Beijing* ?? 2002.10.25
????????? Dalian University of Technology* ?? 2005.10. 7
???????? Beihang University ?? 2005.11.25
????? Tianjin University* ?? 2006. 7.21
??????? East China Normal University* ?? 2006. 9.20
??????????? China University of Geosciences(Wuhan)* ?? 2010. 7. 7
???????????? The Australian National University* ??????? 2002. 7.16
???????????? The Pennsylvania State University* ??????? 1988.11.29
???????????? University of Pennsylvania, School of Engineering and Applied Science ??????? 1997. 4.25
???????? Harvard University* ??????? 2002. 5.31
?????????????????? University of California, Santa Barbara* ??????? 2004. 3.12
???????? George R. Brown School of Engineering, Rice University ??????? 2012. 1.30
????????????????????????????????? Research Laboratory of Electronics, Microsystems Technology Laboratories, Massachusetts Institute of Technology ??????? 2015. 1. 9
?????? The University of York* ???? 2004. 5.18
???????? Department of Physics, Pisa University ???? 1999. 8.31
????????? Delft University of Technology* ???? 2016. 1.11
???????????????? The Swiss Federal Institute of Technology, Lausanne* ??? 2000.11.20
??????? University of Granada* ???? 2012. 9.27
???????????? Josef Stefan Institute ????? 2000.10. 5
?????????? University of Goettingen* ??? 1996.12. 3
?????????????? Max-Plank Institute for Metals Research ??? 1997. 4.28
???????????? Karlsruhe Institute of Technology* ??? 2008. 3.24
??????????????? The University of Kaiserslautern* ??? 2012. 2. 1
?????????????? Johannes Guteberg University* ??? 2012. 2. 6
????????????????????????????????????? Max-Planck-Institute for Chemical Physics of Solids,Max-Planck-Institute of Microstructure Physics ??? 2017. 3.10
??????????? University of Regensburg* ??? 2017. 3.16
??????????????? The Institute of Physics of the Czech Academy of Science ??? 2017. 3.24
???Ⅰ?????????????????????? University Claude Bernard-Lyon I, Physical Chemistry of Luminescent Materials Laboratory ???? 1999.11.25
????????????????? The ITER International Fusion Energy Organization* ???? 2013.12.24
?????????????? The Belgian Nuclear Research Centre* ???? 2004. 4.15
?????????????????? Institute of Physics, Polish Academy of Science ????? 2000.12. 8
???????????? Institute of Vacuum Technology ????? 2000. 6. 9
?????????????? Institute of Electronic Materials Technology ????? 2002. 3. 1
?????????????????? Prokhorov General Physics Institute of the Russian Academy of Sciences ??? 1993. 1 .27
???????????? Istanbul Technical University* ??? 2007. 7.19
??????????????????????????????????????????????????????????????????
????????? Agreements on Academic Exchange with Foreign Research Institutes and Universities
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INTERNATIONAL COLLABORATIONS
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Prof. Martin Nikl, Czech Academy of Sciences, Visited the IMR February 22, 2017.
A Chinese Delegation from the Central South and Chongqing Universities Visited the IMR March 9, 2017.
A delegation of the Norwegian University of Science and Technology (NTNU) from Trondheim, Norway, Visited the IMR April 27, 2017.
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???????? ????????????????????????
??????????????????????????????
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???????????????????????
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?????????? ?????????????????????????????
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?????????????????????????????????????
???? ?????????????????????????????????????????????
??????????????????????????????????????????? ??????
?????????????????????????????????????? ????
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?????????????????????????????
 Prof. Martin Nikl, Czech Academy of Sciences, visited the IMR 
hosted by Prof. A. Yoshikawa. Prof. Martin Nikl is an expert in optical 
physics and collaborated with Yoshikawa’s group in the research 
of scintillator crystals.The Physics Institute of Czech Academy 
of Sciences and the IMR concluded an Institute Level Academic 
Exchange Agreement on March 24 in order to further develop the 
previous exchanges.
Chinese delegation included representatives from Central South University, led by Prof. Liang Shuquan (Head, School 
of Materials Science and Engineering) and Chongqing University Prof. Chen Zejun (Assistant Dean, College of Materials 
Science and Engineering, Department of Materials Engineering) visited IMR with the director of Education of the Consulate-
General of the People’s Republic of China in Niigata, Zhang Yuansong. They convened with IMR Director Koki Takanashi to 
discuss further research exchanges among the three universities. Tohoku University and Chongqing University tied up also 
had an academic exchange agreement.
 Tohoku University hosted representatives from the Norwegian University of 
Science and Technology (NTNU), which included 16 members from the NTNU 
and offi cials from the Royal Norwegian Embassy in Tokyo. The Materials Physics 
Group (Head: Prof. Anne Borg, Dean of the Faculty of Natural Sciences and 
Technology) visited the IMR to discuss international exchange among students 
and researchers. The delegation included Prof. Erik Wahlstrom (Physics, 
Department Head), Prof. Jostein Mårdalen (Head of Department of Materials 
Science and Engineering), Prof. Geir Martin Haarberg (Department of Materials 
Science and Engineering),Mr. Svein Grandum, Science and Technology Attaché 
(Norwegian Embassy).
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We apply the methods of theoretical condensed matter 
physics to understand the properties of condensed 
matter structures on the nanoscale, motivated by scientifi c 
curiosity, new experimental discoveries, and potential 
applications. Many of our activities are centered on the 
quantum mechanics of the spin degree of freedom of the 
electron. The science and technology of studying and 
controlling the coupled spin and charge current is called 
spintronics. Only recently, it has been fully recognized 
that heat currents are strongly coupled to the spin as 
well, leading to a new field of spin caloritronics. Here 
we study the spin Seebeck effect. Our research on spin 
mechanics is devoted to the coupling of the magnetic 
and mechanical degrees of freedom, such as nanoscopic 
version of the Barnett and Einstein-de Haas effects. 
? ???????????????????
?????????????????
Figure 2: A classical analogue of the Barnett effect from 
S. J. Barnett, Rev. Mod. Phys. 7, 129 (1935). When the 
gyroscope built into the axis A spins, a rotation around 
the C axis modifi  es the tilt angle θ.
? ??????????????????????????????????
????????????????????????????????????????
??????????? ??????????
Figure 1: Spin Caloritronics addresses the interaction 
of the spin angular momentum and heat.
?????????
spintronics, spincaloritronics, spin waves, spin torque
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Being Society
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We have to face an energy and environmental 
problem to build a persistent human being society. The 
expectation to photovoltaic devices increases year by 
year all over the world. The aim of our group is to create 
energy materials through fundamental studies of crystal 
growth mechanisms.
1. Development of in situ observation system:
We have developed a technology to observe a crystal/
melt interface at a high temperature more than 1400˚C.
2. Elucidation of  melt growth mechanisms:
   We study the melt growth mechanisms of various 
materials including semiconductors, metallic alloys 
and compounds to build a general theory of the melt 
growth mechanisms.
3. Development of crystal growth technology for obtaining 
a high homogeneous and high quality multicrystalline 
Si (mc-Si) ingot for solar cells:
We realize an mc-Si ingot for high-effi ciency solar cells 
and contribute to construction of energy-environment 
harmonic society.
4. Creating new materials:
We create novel functional materials by metal flux 
methods. 
? ?????????? ?? ?????
???????????
Figure 2: Casting furnace and
 multicrystalline Si ingot for solar cells.
Figure 3: Si clathrate grown by
Na fl ux method.
? ???????????????? ??
?????????
? ???????????????
???? ???????
Figure 1: In situ observation system and 
images of Si crystal/melt interface.
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Exploring Frontier of Magnetism in High 
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A magnetic field is a unique external environment 
because of the precise controllability in the intensity, 
time structure, and hysteresis. Novel magnetic states and 
exotic electronic phases are induced by high magnetic 
fields. The main subject of our group is to investigate 
basic principles to control condensed matters including 
strongly correlated electron systems and molecular 
based nano-magnets by using strong pulsed and steady 
magnetic fi elds.
The original and unique advanced spectroscopic tools 
such as THz-ESR, high magnetic fi eld X-ray spectrometer, 
high magnetic field neutron diffraction and ultra-high 
magnetic field diffraction with X-ray free electron laser 
have been developed and used. Our terahertz ESR 
system: TESLA-ESR and the ultra-low temperature 
magnetization system attract many users from foreign 
countries.
We keep the world records of the highest field X-ray 
spectroscopy and the neutron scattering. Moreover, those 
devices are operational in several major oversea institutes 
under international collaborations.
?????????
? ?????????????????????????????
??????? ????? ?????? ??????????????
??????????????????????????????
??????????????????????????????
???? Figure 2: The 40 T X-ray magnetic-circular-dichroism 
spectrometer developed and installed at BL25SU of 
SPring8 by the collaboration with JASRI. The powerful 
tool to investigate the element specific magnetization in 
extremely high magnetic fi elds.
? ????????? ? ?????? ? ????? ??????????
????????????????????????????
????????????????????????????
?????????????????????????
Figure 1: A split-pair magnet used for X-ray diffraction with X-ray 
free electron laser. In the extremely compact volume of about15 
cm3, ultra strong magnetic fi elds over 30 T can be generated. 
We have succeeded in the observation of very weak signal 
caused by the charge density wave in high Tc superconductor.
high magnetic field, quantum beam science, strongly correlated electron system, molecular-based magnet
????????????????????????
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Observation of spin hydrodynamic generation. The voltage 
originated from spin current was observed when the liquid 
metal fl ows in the capillary. 
The spatial gradient of the vortices in the liquid fl ow works as 
an effective magnetic fi eld on spins and drives the spin current.
Observation of an unidirectional heat flow by a spin 
current excited by a microwave. The disk was heated 
at the direction of the spin current rather than at the 
radiation point of the microwave. 
©Nature Publishing Group
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Harvesting Energy by Micro Angular 
Momentum: Spin, Photon, and MEMS
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We are exploring novel physical phenomenon regarding 
electron spin. Spin is a quantum mechanical rotation of 
electrons inherent to the theory of relativity. Using this 
quantum mechanical rotation with nanotechnologies, 
we are challenging to establish physical principles of 
spintronics.
Spin current, a flow of spin angular momentum, is a 
critical component of spintronics. We are one of the 
global pioneers in the research of spin current and have 
succeeded in experimentally proving signal transmission 
and energy harvesting by the spin current. One of the 
highlights is the fi nding of spin Seebeck effect, where the 
electron spin works like a turbine and converts thermal 
heat into workable electricity. Another challenge is driving 
a mechanics using the quantum angular momentum of 
electron. Recently, we proved the spin can couple with the 
motion of liquid fl ow. It opened the new horizon of spin 
based mechanics and further development with MEMS is 
a promising adventure.
We are the leading team in such new area of spin based 
science focusing on the use of microscopic rotations.
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The research subject in this division is a further 
development of functionalities at the solid state 
interfaces. In particular, we aim to discover novel functions 
at the well-regulated and abrupt interfaces, which are 
fabricated by our thin-fi lm growth technique. Combining 
the growth technique and electrostatic doping method 
enables us to induce highly mobile charge transport at 
the clean solid state interfaces.
Up to now, we have developed various examples 
of high-quality oxide and chalcogenide thin films 
and heterostructures, exhibiting intriguing physical 
phenomena. Recently, superconductivity and/or quantum 
transport have been tackled by newly-developed 
electrochemical and/or electrostatic tuning techniques. 
We continuously try to expand these growth technique 
and device physics to develop the potential for various 
materials and interfaces for future advancements in 
condensed matter physics.
?????????
? ???????????????????????????
??????????
Figure 2: Electric-field-induced superconductivity in FeSe 
ultrathin fi lms and electrochemical etching process (inset).
? ?????? ???????????????????????
Figure 1: Growth chamber based on molecular-beam 
epitaxy (left) and Hall-bar device and transparent oxide 
semiconductor fi lm (right).
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Figure 1: Crystal structure and electronic phase diagram near 
metal - Mott insulator transition in strongly correlated electron 
molecular system ?-(BEDT-TTF)2Cu[N(CN)2]Y (Y=Br, Cl).
Figure 2: Hierarchical structure of highly conductive organic 
polymer material PEDOT/PSS.
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Emergent Properties of Correlated ?-electrons 
in Flexible Assembly of Organic Nanostructures
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Main research subjects  in  th is  group are  the 
experimental investigations on the novel electronic states 
emerging in the organic molecular materials. We are 
actively studying the interesting and important issues on 
the condensed matter physics from the viewpoint of the 
combination between the characteristic flexibility of the 
lattices and strongly correlated π-electrons in the organic 
materials.
Characteristic properties of the organic materials are 
multiple flexibilities owing to the assemble structure 
of nanometer-size molecules. This flexibility comes up 
recently for developing the organic electronic devices. 
We explore the fundamental electronic properties from 
the superconductivity to the insulating ground states 
resulting from the strongly correlated π-electrons. Such 
novel electronic states connect closely to the fl exible and 
multiple degrees of freedom among charges, spins, and 
molecular lattices in the organic system.
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In strongly correlated electron systems, novel 
phenomena can show up due to a complex combination 
of degrees of freedom of the electrons, such as charge, 
spin and orbital. To understand the mechanism of the 
phenomena, it is highly important to obtain information 
on not only static structure (crystal/magnetic structures) 
but also dynamical structure (lattice/spin dynamics) of 
materials. We utilize neutron diffraction and spectroscopy 
techniques which can observe dynamical susceptibility in 
wide spatial/temporal regimes, to explore the structure 
and dynamics. Several research projects including high-
transition-temperature (high-Tc) superconductivity, 
frustrated magnetism and heavy-fermion system etc. are 
recently focused in our group, and we develop state-
of-the-art neutron spectrometers to observe phonons 
and magnetic excitations. We also make every effort 
to grow high quality single crystals necessary for the 
measurements.
??????????????
????????????????
?????????????????
?????????????????
????
?Examples of crystal growth?High quality single crystals with large volume are grown 
by fl oating-zone traveling-solvent and chemical vapor transport methods etc.
???????????
????????????????????????????????????????
?Magnetic excitation from one-
dimensional quantum spin systems?
E x c i t a t i o n  s p e c t r u m  c a n  b e 
obtained by neutron scattering 
experiment in a wide energy and 
momentum space
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This laboratory is engaged to establish fundamental 
knowledge of crystal defects / local distortions on an 
atomistic scale in semiconducting materials. For this 
purpose, we are characterizing various basic properties 
of defects, i. e., atomistic and electronic structures, 
nucleation processes and dynamic modifications as well 
as mutual reactions / complex formations in a wide variety 
of semiconductors as Si, Ge, SiC, (In, Al, Ga)N, ZnO, and 
so forth. The research is extended to control states of 
defects for advanced and ultimate functions of materials 
as Defect Science.
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Nanoscopic mechanism of Cu precipitation 
at small angle tilt boundaries in Si; which 
can determine electrical properties of Si 
based polycrystalline devices.
??????????????????
???????????????????
??????????? ????????
?????????
Quantitative analyses of the hardness 
& Young’s modulus in high-quality InN 
layers by nanoindentation; which can 
determine the durability of InN-based 
functional devices.
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????????????????????
???????????????????
?????????????????????
Growth and characterization of various kinds of 
Si multicrystals for solar cells (mono-like, high-
performance multicrystalline, and conventional 
multicrystalline); toward the development of 
super-high-quality Si crystal using functional 
grain boundaries.
defect science, solar cells, nitride semiconductors, dislocations, grain boundaries
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Steel is the most important and fundamental material 
to support our society at present and in future. We 
attempt to control mechanical properties of structural 
metallic materials through design of microstructure and to 
clarify principles of microstructure evolution by means of 
advanced experimental and theoretical techniques.
We focus on advanced control of micro/nanostructures, 
such as atomic structures of crystalline interfaces, 
chemistry inhomogeneity in an atomic scale (e.g., 
segregation at phase boundary) and so on. Fundamentals 
of microstructure formation (thermodynamics, kinetics, 
crystallography) are examined in detail to clarify key 
factors for microstructure control to improve mechanical 
properties.
???????????
Figure 2: Direct observations of nano-cluster and nano-
precipitates causing significant surface hardening in nitrided 
steels.
? ???????????????????????????
??????????? ???????????????????????????
????
Figure 1:  Ultra grain ref inement by cycl ic displacive 
transformations without deformation process.
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Figure 1: Materials Design for Aerospace Instruments by 
Electronic- and Atomic-Level Simulation
Figure 2: Materials Design for Solar Cell by Electronic- and 
Atomic-Level Simulation
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Solution of Energy and Environmental 
Problems and Realization of Safe and Secure 
Society by Computer Simulation
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In order to solve the energy and environmental 
problems and to realize the safe and secure society, the 
development of the high-functional and high-performance 
materials is required in a wide variety of research fields 
such as aerospace instruments, electric vehicle, tribology, 
solar cell, fuel cell, micromachine, electronics, etc. 
Especially, the recent material technologies constitute of 
multi-physics phenomena including chemical reaction, 
friction, impact, stress, fluid, photon, electron, heat, 
electric and magnetic fi elds, etc. Therefore, this laboratory 
is pioneering the development of new multi-physics 
simulation technology based on fi rst-principles molecular 
dynamics, tight-binding molecular dynamics, reactive 
molecular dynamics, coarse-grained molecular dynamics, 
etc. and then is realizing the theoretical materials design 
with high-accuracy and high-speed. Especially, we are 
utilizing our dedicated HITACHI SR16000 supercomputing 
system and it realizes the super-large-scale and super-
high-speed simulations.
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Towards Revealing Irradiation-Induced 
Defects and Controlling Th eir Function
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We are studying defects, sub-nanoscale precipitates 
and interface segregations of impurity/solute atoms in 
materials. Our target extends from nuclear materials 
such as reactor pressure vessel steels and shroud 
stainless steels to semiconductors such as silicon and 
germanium. We employ positron annihilation, atom 
probe tomography, electron microscope, etc. By 
combining various theoretical calculations with the 
above experiments, we are clarifying the formation and 
microscopic structures of these defects, precipitates and 
interface segregations.
??????????
Dopant distributions in semiconductor devices 
obtained by atom probe tomography. Dopant 
segregation on grain boundaries and polycrystalline-
Si/SiO2 interfaces is observed.
???????????????????????
???????????????????????
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??????????????????????????????????
???????? ??????????????????????????
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3D structural – chemical analyses by combining electron tomography 
by STEM with atom probe tomography and positron annihilation 
spectroscopy enable to directly reveal  relationship between formation 
of irradiation induced fi ne defects and impurity segregation/clustering.
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The relationships between fracture stress and diffusible 
hydrogen content of several high strength steels.
A tensile test machine in a vacuum chamber equipped with 
a quadrupole mass spectorometer to monitor hydrogen 
desorption caused by stress/strain martensitic transformation
???????????????
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Elucidation of Eff ects of Hydrogen on Material 
Properties and Design of Environmentally 
Robust Materials
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This laboratory is  devoted to study hydrogen 
embr i t t lement  of  s t ructura l  mater ia l s  used for 
constructions, automobiles, nuclear materials and so forth, 
which is caused by a small amount of absorbed hydrogen. 
We are investigating the role of hydrogen on mechanical 
property and hydrogen uptake caused by corrosion. For 
safety and reliability, we are also working on proposal of 
evaluation method for hydrogen embrittlement property 
and on design of environmentally robust materials.
We investigate the effect of hydrogen concentration 
in metals, metallurgical microstructure and hydrogen 
uptake from environment on hydrogen embrittlement 
by means of mechanical tests of hydrogen-charged 
specimens, thermal desorption analysis, monitoring of 
hydrogen desorption due to stress/strain induced phase 
transformation, hydrogen visualization techniques and 
electrochemical techniques. Furthermore, we aim at 
developing a novel structure control method utilizing the 
effect of hydrogen in metals.
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Materials Research for Extreme Environment 
in Nuclear Power Systems
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Ever-increasing global energy demand and also 
the social demand for the secure operation of nuclear 
power plants request further breakthrough of nuclear 
materials. Our mission is to advance materials science and 
technology for extremely severe environments in future 
fusion reactors and nuclear power reactors of the next 
generation. The extreme environment in nuclear power 
systems, such as irradiation with high-energy neutrons, 
high temperatures, and corrosive environment, degrades 
seriously mechanical properties of the materials. We 
evaluate the changes in microstructure and mechanical 
properties in steels and zirconium alloys under such 
environment. Another target is understanding and 
modeling of radiation damage processes of materials 
and of properties of various lattice defects induced by 
irradiation.
???????????
Figure 2: TEM-EDS maps of the surface oxide layer of Zr-Nb fuel cladding subjected to water 
corrosion. Nb precipitates have been believed to get dissolved into the Zr matrix upon corrosion; 
however, we demonstrated that they are actually not dissolved. Nb precipitates are invisible in 
STEM-DF images and Nb maps but visible in Mo maps due to a synergistic effect combining 
structural and compositional changes of precipitates and EDS artifacts.
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Figure 1: Effect of crystallographic mismatch on the obstacle strength of precipitates in dispersion strengthening: Nb 
precipitates in Zr fuel cladding. When the crystal structure of precipitates is bcc (stable confi guration), the slip plane inside the 
particles is not parallel with
that in the Zr matrix; they are Orowan-type strong obstacles against gliding dislocations. When precipitates are nano sized (in 
the early stage of precipitation), their crystal structure is hcp as well as the matrix; they are weak obstacles, as they are free from 
crystal mismatch. The experimentally-determined obstacle strength was 0.8~1 for the former and 0.1~0.5 for the latter.
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Figure 1: Polarity of GaN. The N-polar (0001) orientation has the reversed 
polarization, which allows us to explore a novel device design.
Figure 2: Schematic structures of high electron mobility 
transistor (HEMT): (a) group-III-polar conventional HEMT and (b) 
N-polar inverted HEMT.
Figure 3: a) Schematic structure of N-polar GaN/Al0.4Ga0.6N/
GaN HEMT. b) ID-VDS characteristics of N-polar MIS-gate and 
recess MIS-gate HEMT on sample shown in Figure 3a. We 
have demonstrated a prototype N-polar GaN Metal-Insulate-
Semiconductor-gate HEMT (MIS-HEMT) with a promising 
device characteristics. These results obtained here open the 
window to the development of an N-polar HEMT for next 
generation high frequency and high power device.
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Creation of Innovative Energy-Saving 
Devices by Development of Crystal Growth 
Technology and Control of Physical Properties 
of Nitride Semiconductors
????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????
????????????????????????
?????????????????????????
?????????????????????????
?????????????????????? ??? ??
?????????????????????????
?????????????????????????
??????????
Our target is to develop new electronic materials which 
can open up novel device applications. The material of our 
current interest is a nitride semiconductor, lnGaAIN system, 
which is well known as a material for blue light-emitting-
diodes (LEDs). Taking advantages of our epitaxial growth 
reactors developed by ourselves and a series of device 
fabrication equipment, we are going toward the further 
contribution to the global societies in terms of the energy 
saving, by developing high-power electronic devices and 
high-effi ciency light-emitting devices.
It has been a major problem of the signifi cant energy loss 
in the recent accelerated applications to the electric vehicles 
and smart grid systems. The cause is clear that the low 
efficiency in the current switching devices on the inverters 
and power conditioners. We are aiming to develop nitrogen-
polar inverted-channel high electron mobility transistors, 
which are expected to have much lower energy loss that 
that of conventional group-III-polar devices, in order to 
contribute to the global societies in terms of the promotion 
for further energy saving.
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Fundamental properties of functional materials such 
as metallic glasses, semiconductors and ceramics are 
strongly associated with their structures. Recently, these 
interesting materials indicate sophisticated structures with 
unique atomic arrangements.
In order to clarify interesting physico-chemical 
properties, advanced analytical techniques using 
advanced X-ray sources are strongly required in the 
field of materials science. The fine structural images of 
materials serve a creative idea for producing a variety of 
functional materials.
Our current topics are as follows,
1) Complex metal structures associated with quasicrystals.
2) Structure of disordered materials such as amorphous 
alloys and oxide glasses.
3) Synthesis and characterization of micro-porous cavities 
occluded by organic molecules.
4) Development of new oxide crystals activated by rare 
earth elements.
Pseudo-Mackay cluster realized in the structure of 
χ-AlPdRe.
????????? ????????????????????????????????????
Environmental structural analysis by using synchrotron 
radiation source.
anomalous X-ray scattering, disordered structure, synchrotron radiation, quasicrystal, single crystal X-ray diffraction
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(Left)  The partial ly crystal l ized structure 
under ultrasonic oscillation resonating with 
β relaxation of a Pd-based metallic glass, 
s t ruc tu ra l  i nhomogene i t y  and  phonon 
dispersion schematics. (Right) Spinel-to-rocksalt 
phase transition that occurs when Mg ions are 
inserted into MgCo2O4 as a positive electrode 
material for magnesium rechargeable battery. 
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Development of Novel Materials Exhibiting 
Specific Functions Through Structural 
Control in Various Phase Transitions
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Based on the scientific fields such as materials 
microstructure theory, thermal statistical thermodynamics, 
micromechanics theory, electrochemistry, we aim to 
research and develop novel materials exhibiting new 
functions (mechanical properties, electrical or optical 
properties, etc) by controlling the material microstructures 
through various phase transformations. 
The current laboratory name is related to "biomaterial 
research", but in future it will be changed to a laboratory 
name concerning structure-controlled functional materials. 
Based on microstructure theory, thermal statistical 
thermodynamics, micromechanics theory, electrochemistry, 
we aim at "novel material development that exhibits 
new functions by controlling the microstructure structure 
through various phase transformations", by means of 
such as X-ray, electron beam, femtosecond laser and 
ultrasonic resonance method etc. Specifically, we focus 
on: microstructure formation dynamics of solid-solid 
phase transition and its control by application of external 
fi elds, elucidation of relaxation mechanism and structural 
inhomogeneity in metallic glasses using megahertz 
oscillation, construction of "electrode microstructure 
theory" in storage battery system, elucidation of ultrafast 
amorphization mechanism of photoinduced phase change 
material, and material design utilizing phase transition 
such as nickel-base superalloy and titanium alloy, etc. In 
the end, we will aim to research and develop new materials 
that express new functionalities across the various fi elds. 
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Design of Coordination Polymers Toward 
the On-Demand Control of Th eir Correlated 
Electrons/Spins and Chemical Reactions
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We develop the subject of solid-state physical 
chemistry in coordination frameworks/polymers, in which 
our goal is to control synergistically, multidimensionally 
electronic and magnetic properties of molecular 
frameworks and molecule/ion transports and molecular 
interactions in coordination space, and finally to create 
new soft molecular materials with unique phenomena. 
The techniques of crystal engineering and molecular 
self-assembling based on metal complexes enable us to 
create diverse molecular frameworks and supramolecular 
architectures. Of course, many of metal complexes 
have such traits as high redox activity, high charge-
transfer activity between metal ion and ligands, and 
paramagnetism with large anisotropy controllable by 
ligand-fi elds around metal ion chosen. We will be able to 
tune these characteristics in ”functional” and ”dynamical” 
molecular frameworks as if they were simply constructed 
by Lego blocks. ”Molecules” including metal complexes 
have the high design performance and fl exibility in their 
type diversity, so it is our new challenge to manipulate 
on-demand electrons/spins and chemical interactions in 
multi-dimensional coordination frameworks.
??????????
2) Temperature dependence of the real 
part of dielectric constant (?’) found in 
a porous chain compound under several 
gaseous atmospheres (100kPa).
3) Magnetoelectric control of 
a layered D/A-MOF (cathode) 
by electron-fi lling using a Li-
ion battery (LIB) system.
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1) Temperature dependence of magnetic properties (χ 
and χT) and relative values of electrical resistibility ρ mea-
sured by THz-time-domain spectroscopy for a layered 
donor/acceptor metal-organic framework (D/A-MOF).
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Scanning electron micrographs of (left) X-ray grating interferometers fabricated by imprinting at the supercooled liquid 
state of Pd-based metallic glass and (right) nanoporous Si prepared by the novel dealloying method
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Development of New Functional Materials by 
Nonequilibrium Process
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This laboratory is engaged in the research of the 
development of advanced functional materials, metallic 
glasses, metallic-glass-matrix composites and nanoporous 
materials, which have remarkably different structure 
from those of conventional metals, by employing various 
nonequilibrium processes. The unique structure of 
such nonequilibrium material is expected to add novel 
functions to the material. Metallic glass is a glassy solid 
mainly prepared by rapidly quenching its liquid state. Due 
to its none-crystalline structure, metallic glass exhibits 
superior mechanical, chemical and magnetic properties. 
Metallic glass can transform to the supercooled liquid 
well below the melting temperature of its crystalline 
counterpart. This allows high precision viscous flow 
forming as the well-known ”glass working”. Based on 
the strategy of alloy design for metallic glass formation, 
we developed new dealloying method for fabrication 
of nanoporous metal and study its fundamental and 
application.
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Materials Fabrication for Spintronics by 
Artifi cial Nanostructure Control
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Magnetic properties based on electron spins are closely 
correlated with electronic transport properties in magnetic 
nanostructures, which makes it possible to control electric 
signals by magnetic signals, and conversely, magnetic 
signals by electric signals. A new electronics utilizing this 
mutual control is called spintronics. Our group works 
on the fabrication of materials and the fundamental 
study of physical phenomena for spintronics. Particularly, 
we are interested in ordered alloys with a variety of 
functionalities, and fabricate nano-layered structures 
or composite device structures with magnetic ordered 
alloys to investigate novel magnetic and magneto-
transport properties. Prominent results obtained to date 
include the observation of giant spin Hall effect and 
the demonstration of spin wave-assisted magnetization 
switching in device structures with high magnetic 
anisotropy  L 10-FePt,  and the enhancement of giant 
magnetoresistance effect and the observation of high-
efficiency spin torque oscillation using half-metallic 
Heusler alloys.
?????????
???????????????????????????? ??
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???????? ?????? ????????????
Experimental and calculated results of spin wave-assisted 
magnetization switching in an FePt / Permalloy (Py) bilayer. 
The excitation of spin wave remarkably reduced the 
switching fi eld (Hsw) of the bilayer.
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T h e  d e v i c e  f o r  t h e  g i a n t 
magnetoresistance effect using 
a half-metall ic Heusler al loy, 
Co2Fe0.4Mn0.6Si. (a, b) Transmission 
electron microscope images, and 
(c) a magnetoresistance curve of 
the device.
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To quench supercooles states of high temperature liquids, we have developed a unique liquid-quenching system including an 
electrostatic levitator (ESL). (a) In the ESL system, a sample was levitated between the two horizontal electrodes using electrostatic 
forces via a feedback loop. (b) A characteristic microstructure was observed locally in the quenched Si sample. The microstructure 
composed of Si grains with a diameter of several tens of nm hints that amorphous Si could be locally formed once in the quenching 
process and then transformed to crystal Si grains by latent heats form the surroundings. 
Inside of ESL chamber. 
A spherical sample 
i s  l e v i t a t e d  u s i n g 
electrostatic force. 
A SEM image of quenched 
samples from supercooled 
liquid Si.
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Interfacial Energies by Applying External Fields
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Development of almost every functional material and 
device in the area of information technology has been 
aided by the research of the associated single crystal. 
This lab is concerned with the novel approach mainly for 
the growth from the melt by studying the relationship 
between the interface dynamics during growth and 
properties of grown crystals.
Special interests lie in the growth of new crystals via 
the manipulation of the interface dynamics (1) by the 
imposition of an interface-electric, -magnetic and -stress 
fields and (2) by the change of the solid-liquid energy 
relationship through the thermal or mechanical treatment 
on the solid or liquid. Combining these approaches will 
also shed new light on the crystal growth that has never 
been successful. Crystals developed this way will widen 
an application opportunity in the piezoelectric, magnetic, 
optic and other fields related to the highly-networked 
information society.
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Our division is engaged in researches on ”HYDRIDES” 
for energy applications. The main subjects are the 
development of high-density hydrogen storage materials 
for fuel cell applications, lithium/sodium fast-ionic 
conductors for battery applications and superconducting 
materials. The primary objective is the development 
of novel hydrogen storage materials for automotive 
applications, using multiple cutting-edge techniques for 
atomic/electronic characterization and first-principles 
calculations. In addition to the hydrogen storage 
materials, we are engaged in the development of fast-
ionic conductors and the implementation of them into 
next-generation energy devices.
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Figure 1: Hydrogen diagram (top) illustrating the bonding flex-
ibility of hydrogen with a tetrahedron; the spheres located at 
each vertex represent a proton (H+), a hydride ion (H-), covalently 
bonded hydrogen (HCOV.) and neutral hydrogen (H0). Novel com-
plex hydride Mg3CrH8 with coexistence of H
- and HCOV. (bottom 
right) synthesized by high-temperature high-pressure apparatus 
utilizing cubic-type multi-anvil press (bottom left)
Figure 2: Bulk-type all-solid-state lithium-sulfur battery 
using LiBH4 electrolyte (top, collaboration with Mit-
subishi Gas Chemicals Co., Ltd.) and sodium fast-ionic 
conductivity of Na2B10H10 (bottom, collaboration with 
Graduate School of Engineering, Tohoku University, and 
NIST (USA)).
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Figure 2: (a) SrI2 spectrometer. (b) High-temperature-tolerant La-
GPS crystal and its light yield property.
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Novel Functional Crystals and Advanced 
Sensors for Future
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We have developed novel functional crystals in joint 
effort between industry and academia covering the fi elds 
from upstream (designing materials) to downstream 
(developing devices).  The material composition screening 
is immediately made by not only elaborating crystals 
but also evaluating responses of the crystals to energy 
delivered from outside such as light, radiation, pressure, 
and so on, and evaluating piezoelectric properties by 
accurate ultrasonic measurement technology, and then 
feeding it back to material design. When the crystals 
with high potential are found, we grow the crystals with 
high quality by Czochralski or Bridgeman methods which 
are suitable for mass production. So far, gamma-ray or 
neutron scintillators in practical use have been developed 
such as positron emission tomography (PET) for diagnosis 
of breast cancer, handy-type radiation dose monitor, 
gamma-ray camera, and so on. In addition, we are 
engaged in developing crystal growth technologies for 
such as langasite-type piezoelectric crystals for low-power 
consumption resonator and shape-control for difficultly 
deformable alloy for fi ring plug.
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Figure 1: (a) Ce doped GAGG crystals. (b) gamma camera with Ce:GAGG.
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Figure 3: (a) CTGAS crystal. (b) CTGAS equipped res-
onator. (c) Frequency response of resonator.
scintillator crystal, piezoelectric single crystal, micro-pulling-down method, czochralski method, bridgeman method
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Figure 1: Cross-sectional view of an yttria stabilized zirconia film prepared by a laser MOCVD process. This newly developed method 
has enabled one to prepare highly crystallized oxide and non-oxide films at extremely high deposition rates more than 600 μmh-1.
Figure 2: TEM bright field image of a diamond powder surface coated with a SiC layer by rotary CVD process. Homogeneous 
nano layers can be deposited on surfaces of small powders several micrometers thick by this novel powder coating process devel-
oped by our research group.
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This laboratory is engaged in the study mainly of 
functional materials such as dielectric ceramics, ionic 
conducting ceramics, thermoelectric ceramics and high-
temperature ceramics to contribute the energy and 
environment issues. A main object is to develop high-
performance multi-functional ceramic materials and 
to obtain principles to improve the performance of 
materials. The phase separation process during the solid 
state sintering or solidification of melted ceramics, and 
the codeposition process in multi-component MOCVD 
under laser- and plasma-assisted fi elds are employed to 
synthesize new functional ceramic materials.
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Development of Highly Functional Structural 
Materials by Advanced Processing
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The production of highly functional structural materials, 
such as heat resistant superalloy, biomedical Co−Cr 
alloys and titanium alloys, is crucial to the sustainable 
development of human society. To accomplish this, 
we aim to systematize the relationships between the 
processing, structure, and properties of structural metallic 
materials using state-of-the-art analytical techniques and 
simulations of the macro-, micro- and nano-structures 
evolved during plastic deformation and heat treatment. 
We propose a novel processing concept—intelligent 
forging—capable of producing the most favorable 
microstructures, and thereby optimal performance, in hot-
forged materials. In addition, we are studying additive 
manufacturing using electron-beam melting (EBM) 
to produce advanced metallic materials with superior 
properties by controlling their microstructures.
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We aim to discover new phenomena and new physics 
of actinide and rare-earth compounds. We grow high 
quality single crystals and develop new materials in our 
actinide laboratory, which is one of the few facilities in the 
world. We perform precise measurements under extreme 
conditions (low temperature, high magnetic field, high 
pressure) on high quality single crystals.
The physics of f-electron systems, including both 
actinide and rare-earth compounds, are an important 
aspect of strongly correlated electron systems, where 
the nearly localized f-electrons and the conduction 
electrons show strong interactions. As the effective mass 
of conduction electrons reaches values 100-1000 times 
larger than the rest mass of an electron, they are called 
heavy fermion physics. Owing to the strong interaction 
between electrons, a large variety of fascinating 
phenomena, such as coexistence/competition of 
magnetism and superconductivity, multipole order, non-
Fermi liquid, quantum critical phenomena, are found. For 
instance we have discovered NpPd5Al2, the fi rst Np-based 
superconductor. Not only domestic collaborations but 
also international collaborations are strongly promoted.
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Figure 1: First neptunium-based superconductor Np-
Pd5Al2
Figure 2: High quality single crystal growth of ferromagnetic 
superconductor using the Czochralski method
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Imaging Nano-Space of Materials; Pursuit of 
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We investigate the role of non-stoichiometry on the 
stabilization of the phase and physical properties in 
alloys and oxides. To that end, we employ state-of-
art transmission electron microscopy techniques, and 
investigate both structural and functional materials 
through the imaging of nano-space inside. In particular, 
we carry out the imaging at the atomic level by using 
state-of-the-art electron microscopy techniques such 
as aberration-corrected microscopy, focal-series 
restoration (FSR), geometric phase analysis (GPA), 
and 3D tomography (TEMT). Based on the studies of 
crystallographic structures and microstructures with these 
methods, our research activities are ultimately targeted 
to understand the underlying nature, with which these 
complex structures are stabilized.
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Atomic resolution HRTEM image of PbTiO3 thin film elucidates the small 
displacement of oxygen atoms and the spontaneous polarizations.
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Quantitative strain mapping of PbTiO3 ferroelectric 
thin films.
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A goal of our research is to develop new industrial 
methods in quantitative elemental analysis. The direct 
determination of trace elements in high-purity materials 
gives important information that contributes to the 
progress of recent material science. We suggest new 
analytical methods enabling trace elements at a few 
ppm level to be directly determined in atomic emission 
spectrometry. We also study analytical applications of 
a low-pressure laser induced plasma as well as a glow 
discharge plasma associated with a spacially-resolved 
measurement by using an imaging spectrometer system. 
Fundamental research on the excitation mechanism 
of several excitation sources in atomic emission 
spectroscopy such as a radio-frequency inductively-
coupled plasma and a microwave induced plasma is 
conducted. Further, we investigate elemental analysis 
utilizing Cathodeluminescence phenomenon, surface 
analysis techniques such as X-ray photoelectron 
spectroscopy, and nano-scale X-ray analysis such as small-
angle X-ray scattering and extended X-ray absorption fi ne 
structure. We also develop portable analyzers and a novel 
method of atomic absorption spectrometry using a high 
sensitive spectrometer.
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Figure 1: Laser-Induced Plasma (left) and obtaind 
emission spectra (right)
Figure 2: Glow discharge plasma (left) and Imaging 
spectrometer system (right)
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from University by Collaborating with Private 
Companies Th rough Joint Venture System
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The present collaborative research laboratory strongly 
promotes the development oriented for practical 
usage of hetero-amorphous and nanocrystal l ine 
alloys (NANOMET®), which have originally found by 
Tohoku University as a result of fundamental research 
achievements. The hetero-amorphous and nanocrystalline 
alloys are epoch-making materials in that they exhibit 
unprecedented properties than conventional soft 
magnetic materials to date, such as high magnetic 
flux density and lower coercivity than Silicon Steel. It is 
expected that these superior soft magnetic properties are 
to be realized in near future in the fi elds of infrastructure 
(e.g. transformers) and machinery/public welfare (e.g. 
motors). The research and development hereafter have 
principally focused on solving issues for practical usage 
in terms of production procedure and costs. Thus, it is 
essential to set up an initiative where the knowledge 
from relevant private companies is accommodated. On 
the basis of these background, the present collaborative 
research laboratory has been launched as of August in 
2015 as the first one in Institute for Materials Research 
in a framework of strengthen the collaborations aimed 
with practical usage of non-equilibrium soft magnetic 
materials (hetero-amorphous powders, nanocrystalline 
ribbons and nanocrystalline powders). Research and 
development will be performed regarding collecting raw 
materials, processes, production methods and production 
apparatuses that are oriented for establishing mass 
production at private companies with aim to hold the 
coexistence of the properties in industrialized sample 
scale and costs by optimizing every aspects.
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(Left) Stator core assembled by new nanocrystalline alloy 
NANOMET®.
?????????????????? ????????????
Outer appearances of (Left) consolidated core and 
(Right) core product.
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A Joint Research Project Among Six Institutes:
the Institute of Materials and Systems for Sustainability 
(IMaSS), Nagoya University; the Institute for Materials 
Research (IMR), Tohoku University; the Materials and 
Structure Laboratory (MSL), Tokyo Institute of Technology; 
the Joining and Welding Research Institute (JWRI), Osaka 
University; the Institute of Biomaterials and Bioenginnering 
(IBB), Tokyo Medical and Dental University; and the 
Research Organization for Nano & Life Innovation, Waseda 
University. (FY2016-2020)
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This  project  a ims to contr ibute to society  by 
developing novel infrastructural materials and promoting 
their practical applications through the collaborative 
researches oriented toward the new concept ”life 
innovation materials”, which is a concept created on 
the basis of the outcome of past collaborative research 
activities among the 6 institutes, also through promoting 
an international  exchanging, industry-university 
collaboration, high-level human resource development 
meeting the demand of the industry, The 6 institutes 
will collaboratively promote researches of novel ”life-
innovating materials technologies” by integrating 
their fundamental technological researches and the 
researches of sustainable materials, biomedical materials 
and development of devises oriented toward the life-
innovating applications which facilitates our daily life. A 
new academic discipline covering both basic and applied 
research will be developed by shearing the roles in the 
creation and application of new materials through the 
interdisciplinary alliances taking every advantage of 
each institute, and conducting researches for solving the 
nation-wide social issues responding to the requests from 
the industry.
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Concept and framework of the project.
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The consortium encourages young researchers of high-
performance computing technology for computational 
materials science to acquire the broader view and the 
extensive knowledge of interdisciplinary materials 
science, condensed matter physics, molecular science 
and materials design and supports their career paths.
In August 2015, Tohoku University, The University 
of Tokyo, Institute for Molecular Science and Osaka 
University established partnerships under a MEXT 
program, building a consortium for developing human 
resources in science and technology. We support the 
highly motivated young researchers for computational 
materials science  (1) who lead the future global academic 
community and (2) who are pioneering innovation on 
diverse academic and industrial fi elds.
?????????????????
PROFESSIONAL DEVELOPMENT CONSORTIUM FOR COMPUTATIONAL MATERIALS SCIENTISTS (PCoMS)
Specially Appointed Assoc. Prof.
Yayoi TERADA
Specially Appointed Assist. Prof.
Kaoru YAMAZAKI
Specially Appointed Assist. Prof.
Hayato SHIBA
????? ??????????
????? ????????
Project Leader : Specially Appointed Prof.
Tetsuo MOHRI
?????
?????????????
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
??
?
?
?
?
?
?
??
?
?
?
??
?
?
?
?
?
?
?
?
?
?
??
?
?
?
?
?
?
??
?
??
?
?
??
?
?
?
?
??
?
??
?
?
?
??
?
?
?
?
??
?
?
??
?
??
?
?
??
?
?
??
?
?
?
?
?
?
Prof.
Momoji KUBO
?????
?????
multiscale materials science, computer simulations, high-performance computing
?????????????????????????????????????????????
53 Institute for Materials Research, Tohoku University
Keywords
Assoc. Prof. 
Kenji KONASHI
Assoc. Prof. 
Takeshi TOYAMA
Assist. Prof.
Kenta YOSHIDA
Assist. Prof.
Ai NAKAMURA
Assist. Prof.
Yusei SHIMIZU
????? ????? ????? ????? ?????
??? ??? ??? ??? ???
INTERNATIONAL RESEARCH CENTER FOR NUCLEAR MATERIALS SCIENCE
Head : Prof. 
Yasuyoshi NAGAI
?????
???????????
????????????????
??
Challenge of Variety Developments of the 
Atomic Energy Study
????????????????????????
???????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
???????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
?????????????????????
IMR-Oarai is open to researchers all over the world 
for the collaborative studies using irradiated-materials 
and actinide materials, as the most leading center in 
the related research field for more than 40 years since 
the foundation. Research subjects covered here include 
fundamental studies and R&D on fusion structural 
materials, high heat-flux ux materials, and a variety of 
functional materials, as well as engineering oriented 
studies for the safety of light water reactors and basic 
researches supporting them. Materials studies utilizing 
radio-isotopes are also being conducted. In addition, 
actinide-based new material development and advanced 
nuclear fuel development are other important topics of 
research in this facility.
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Equipment for microstructural analysis of highly-activated irra-
diated materials: Aberration-corrected transmission electron 
microscope (left), Laser-assisted three-dimensional atom probe 
(right)
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Tetra-arc furnace for growing high-quality single crystals in 
order to investigate the exotic electronic properties of ac-
tinide compounds
nuclear-energy related materials, nano-structural analysis, actinides, heavy fermion
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This center was established in 1987 as the research 
center for the development of new advanced materials 
for the 21st century, reorganized to the current form in 
2013. The main purpose of the research in this center 
is to establish fundamentals and control techniques for 
creation of new materials, and to seek for the possibility 
of applying them as materials with superior or multiple 
functions for high technology, such as materials for energy, 
materials for environment, structural materials, electronic 
materials, and materials for information technology.
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Single crystals grown by the flux method, (a) ITO and (b) SmB6.
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SEM image of mono-sized Fe76Si?B10P5 metallic glassy parti-
cles with 370 micrometer in diameter prepared by Pulsated 
Orifice Ejection Method (container-less solidification process).
???????????????????????????
??? ????????? ???????????????????????
??????? ???
Prof.
Takashi GOTO
Prof. 
Kazumasa SUGIYAMA
?????
?????
?????
?????
Prof. 
Koki TAKANASHI
Prof. 
Akira YOSHIKAWA
?????
?????
?????
?????
Prof. 
Toyohiko J. KONNO
Prof. 
Hidemi KATO
?????
?????
?????
?????
Prof. 
Akihiko CHIBA
Specially Appointed Assoc. Prof.
Hirokazu KATSUI
?????
?????
?????
????????
material-synthesis, microstructure-control, materials-characterization
??????????????
55 Institute for Materials Research, Tohoku University
Keywords
Prof.
Satoshi AWAJI
Assoc. Prof.
Shojiro KIMURA
Assist. Prof.
Kohki TAKAHASHI
Assist. Prof.
Tatsunori OKADA
????? ?????? ????? ?????
??? ??? ??? ???
HIGH FIELD LABORATORY FOR SUPERCONDUCTING MATERIALS
Prof.
Hiroyuki NOJIRI
?????
???????????
????????????????
???????
Exploring Novel States of Materials in High 
Magnetic Fields
????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
??????????????????????????
???????????????????? ???????
??????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????????????????
High Field Laboratory for Superconducting Materials 
is the international COE of materials science in high 
magnetic fields. As the major instruments, hybrid 
magnets, cryogen-free superconducting magnets and 
conventional superconducting magnets
conventional are installed. The center offers varieties 
of research opportunities for domestic and oversea 
users. The center was established at 1981 do develop the 
superconducting wires for nuclear fusion reactor. Since 
then, it has contributed as the COE of materials science in 
steady high magnetic fi elds. Researchers are investigating 
the properties of magnetic compounds, superconductors, 
semiconductors and alloys in high magnetic fields to 
develop the innovative materials and to uncover related 
mechanisms. The materials processing and crystal growth 
in high magnetic fi elds have been also conducted.
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The unique Cryo-
g e n - f r e e  h y b r i d 
magnet generating 
28 T in 32 mm bore.
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25 T Cryogen-free all superconducting magnet by using high-Tc 
oxides superconducting wires. The world highest magnetic field 
of 24.6 T in cryogen-free superconducting magnets is generated 
in a 52 mm room temperature bore.
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Trans-Regional Corporation Center for Industrial 
Materials Research was established as a special unit in 
the Institute for Materials Research, Tohoku University 
in April 2016 based on an agreement between Tohoku 
University and Osaka Prefecture Government. The 
Center aims for a contribution to social needs in metallic 
material manufacturing by applying academic outputs 
in collaborative research at IMR. Further, the Center 
succeeds the missions of the Kansai Center and builds the 
matured society through developing manufacture industry 
and local creation by strengthening industrial technology, 
innovation creation and educating next-generation human 
resources. The Center will make effort to promote quick 
and precise industry-academic-government cooperation 
by constructing partnership with Miyagi Prefecture 
Government, Sendai City, and other bureaus in Tohoku 
Univ. in addition to the established collaboration with the 
extramural organization.
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Parts with thermal-sprayed amorphous 
coating (a) Sink-roll, (b) Torque sensor
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???????????????? Colored copper alloys with high-strength 
and toughness
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Research on Cutting-Edge Energy Materials 
for a Sustainable Society?by Structural and 
Carrier Control at the Atomic Level
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In order to attain clean and economical energy systems, 
new technology is needed to improve effi ciency of energy 
generation and consumption. To that end, it is essential to 
force technological breakthroughs such as the discovery 
of highperformance energy materials that efficiently 
convert and transport energy. At our Center, research 
and development willfocus on the creation of advanced 
energy materials as well as the design of devices that 
make optimal use of superior material properties. 
Through joint efforts in both science and engineering, we 
will make inroads into new research frontiers. In addition 
to promote top-level research, efforts will be made to 
expand the human resource potential of young talents 
trainedin trans-disciplinary integrated collaborations.
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Support for Materials Design by Superlarge-
Scale Simulation and Development of 
Application Soft ware for Supercomputer
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First main task of our center is supercomputing system 
administration and support; ?Administration, operation, 
and maintenance of our supercomputing system, ?
General supports for users of our supercomputing system, 
?Supports for parallel computation techniques in our 
supercomputing system, and ?Holding lecture courses 
for application software in our supercomputing system. 
Second main task of our center is research and 
development for computational materials science; ?
Development and application of superlarge-scale 
application software for supercomputer, ?Development 
of multi-physics computational science methodology and 
its application to materials design, ?Research on basic 
theory for multi-scale materials science and its application 
to materials design, and ?Research on materials 
informatics technology and its application to materials 
development. 
Third main task of our center is collaboration with and 
support for other institutes and projects; ?Collaboration 
with HPCI (High Performance Computing Infrastructure), 
?Supply of computational resources to supercomputing 
consort ium for  computat ional  mater ia ls  sc ience 
(collaboration with supercomputer centers in Institute for 
Solid State Physics and Institute for Molecular Science), ??
Collaboration with and support for Post-K priority issues 
and exploratory challenges projects, and ?Collaboration 
with and support for PCoMS (Professional development 
Consortium for Computational Materials Scientists).
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Figure 1: Superlarge-Scale Simulation of Ni/YSZ 
with 200 Million Atoms
? ??? ?????????? ?????? ?????
???????? Figure 2: Crack Generation 
Simulation of Ni Polycrystal 
with 2 Million Atoms under 
Water
? ?????????? ???
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supercomputer, computational materials science, superlarge-scale simulation, multi-physics and multi-scale simulation
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Promoting International Collaboration 
Research and Exchange in Materials Science
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The International Collaboration Center of the Institute 
for Materials Research (ICC-IMR) promotes international 
collaboration in materials science. Its activities are 
coordinated with the National Joint Usage / Research 
Center System conducted by the research divisions 
and centers of the IMR. The ICC-IMR aims at creating a 
worldwide community of materials science researchers and 
contributing to educating young researchers in becoming 
world-leaders in their fields. The ICC-IMR is a gateway 
to facilitate diverse collaborations between international 
researchers and the scientifi c staff of the IMR.
The ICC-IMR coordinates seven different programs: 
1) International Integrated Project Research, 2) Visiting 
Professorships, 3) Short Single Research Visits, 4) 
International Workshops, 5) Fellowships for Young 
Researchers, 6) Coordination of International Collaborative 
Projects, and 7) Materials Transfer Program.  By these 
activities the ICC-IMR stimulates a broad spectrum of 
international collaborations that often result in formal 
exchange agreements with overseas institutions. 
Additionally, the ICC-IMR supports the Kinken-Wakate 
School, an annually held International Summer School for 
materials science, addressing Ph.D. students and postdocs.
We welcome applications for funding all activities from 
international researchers (after consultation with IMR 
staff). After thorough peer-review the ICC-IMR Steering 
Committee ranks the proposals and makes funding 
decisions four times per year. 
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International Conference, ”Summit of Materials 
Science 2016”
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The neutron scattering technique is an indispensable 
probe for advanced material science. This center 
provides a platform about neutron scattering that aims to 
enhance the researches of environment materials, such as 
hydrogen storages and functional magnets.
IMR owns two characteristic neutron spectrometers for 
materials science in a reactor facility. Moreover, in 2008, 
J-PARC/MLF, which will have the most brightest neutron 
source, began its operation. J-PARC will definitely open 
the new era of material science. In this remarkable turning 
point, this center aims at creating leap of material science 
using neutron spectrometers in J-PARC and JRR-3, based 
on collaborations with other centers and laboratories in 
IMR. In particular, this center is the core of a project of a 
new neutron spectrometer in Japan Proton Accelerator 
Research Complex (J-PARC) under a collaboration 
between Tohoku Univ. and High Energy Accelerator 
Research Organization (KEK).
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Figure 1: This center operates two neutron spec-
trometers in a reactor facility and promote a 
unique research in the material science with utiliz-
ing novel neutron scattering techniques.
? ??????????? ?????? ??????? ??????????
??????
Figure 2:  A new neutron spectrometer, which has been constructing under 
the KEK-Tohoku Univ. collaboration, in J-PARC.
neutron scattering, spin, hydrogen, J-PARC/JRR-3
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In this laboratory, we study the quantum phenomena 
occurring at low temperatures in various superconductors 
and highly correlated electron systems. In addition to 
understanding the fundamental properties of these 
materials, we focus on controlling them in the form of thin 
films and devices, which leads to finding novel physical 
phenomena. The current research subjects are the 
electric-field-induced superconductivity, two dimensional 
superconductivity with atomic-layer structures and exotic 
superconductivity in magnetic fields realized in electric 
double layer transistor confi gurations, and the ground state 
of rare earth compounds.
This laboratory also contributes to the support works 
at Center for Low Temperature Science, where we supply 
liquid helium for various research fields and teach the 
low-temperature experimental techniques. Various 
experimental facilities for low temperature researches are 
open to the scientists of Tohoku University and cooperative 
researches are now in progress.
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Superconductor - insulator transition observed in a high-
Tc superconductor film, which is caused by electrostatic 
carrier doping using an electric double layer transistor 
configuration.
? ????????????????????????????
????????? ??? ????
The hand-made 3He cryostat, which enables us to measure the 
DC magnetization at temperatures below 300 mK using the 
Faraday method.
low temperature physics, electric field induced superconductivity, superconductivity in atomic layer materials, strongly 
correlated electron sysytems
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A Supportive Facility for Material Sciences for 
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Our laboratory facilitates the use of more than 170 
different radioisotopes and nuclear materials. This facility 
accommodates physical, chemical, and radiochemical 
researches on actinides compounds, and material 
scientific researches on the irradiation effect by using 
measurements system of positron lifetime and electron 
microscopes.
Especially under the Grant-in-Aid for Scientifi c Research 
(S) started from 2008, successive introductions of 
several advanced systems, such as a physical properties 
measurement system (PPMS; the magnetic fi eld is 9T) and 
a tetra-arc-furnace for single crystal growth, integrated the 
leading-hub laboratory in actinide physics and chemistry, 
under a close cooperation with International Research 
Center for Nuclear Materials Science.
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Schematic illustration of a superconducting phase dia-
gram where a spontaneous vortex state emerges as a 
result of the compromise of the two competitive orders; a 
vortex state induced by spontaneous magnetization can 
exist even at zero external magnetic field in UCoGe (right 
panel), in contrast to a regular type-II superconductor (left 
panel).
radioisotopes, nuclear materials, actinide compounds
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The Analytical Research Core for Advanced Materials 
(ARCAM) gives elemental composition data, and supports 
TEM analysis of metal and inorganic materials. We 
also develop analytical procedures in order to obtain 
reliable analytical data. The ARCAM assays major and 
trace elements in consigned samples by using the 
following methods: ICP-AES, ICP-MS, atomic absorption 
spectrometry, CS/ONH analysis, ion chromatography, 
and conventional chemical analyses including gravimetric 
analysis, titrimetric analysis and spectrophotometry. 
Additionally, we provide TEM analysis services (which 
enable evaluation of microstructures, crystal structures and 
chemical compositions in nano-/meso- scale) on structural 
and functional materials and microdevices.
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ICP-AES instrument
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Elemental maps of precipitates in alloy by TEM
chemical characterization, consignment elemental analysis, TEM characterization, TEM specimen preparation
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Head : Prof. 
Atsushi TSUKAZAKI
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?????????????????? For the Better Communication with Society
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?????????????????????????
?????????????????????????
??????????????? ? ???? ?? ?????
?????????????????????????
??????????????????????????
??????????????????????????
?????????????????????????
?????????????????????????
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The Public Relations Offi ce (PRO) has been established 
to freely and effectively disseminate information 
generated by the IMR. The mission of the PRO is 
to provide a channel for the distribution of official 
information, to inform society about the IMR research 
output, as well as to provide intellectual resources for 
the scientists and engineers inside and outside of the 
IMR. The PRO publishes the periodical ”IMR News”, 
as well as annual reports such as ”KINKEN Research 
Highlights (KRH)” and ”KINKEN Abstracts (gaiyo)”. We 
also administrate the IMR website (http://www.imr.tohoku.
ac.jp/). If you hope to observe KINKEN, please contact 
our offi ce.
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REVIEW OFFICE
Head : Prof. 
Takahiko SASAKI
??????
????????
?????????????? Contribution to the Evaluation of IMR 
Research Activities
????????????????????????
???????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
??????????????????
??????????????????????????
????????????????????
??????????????????????????
???????????????????????
?? ????????????????????????
?? ??????????????????????
?? ??????????????????
●?This offi ce fi les data for the internal and external review 
of research and education activities of staff members.
●?This offi ce provides the fi led data to the internal review 
committee to edit the internal review report and pro-
vides additional data and information to the external 
review committee in the external review process.
●?This offi ce investigates the future direction of fair review 
for university research institute.
●?This offi ce fi les and analyzes data on internal and exter-
nal review reports published in Japan and foreign coun-
tries.
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Review Office Web Site ”ActIMR” reporting Activities of Institute for Materials Research
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Head : Prof. 
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Providing Comfortable, Stable and Securely 
High Speed Network Environment
????????????????????????
?????????????????????????
?????????????????????????
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Transfer of information has been made a greater capacity 
at high speed by the rapid progress and proliferation 
of networking technology. Information network through 
computers including Internet is necessary for our daily 
activities in the academic and research environment. 
For example, information dissemination from website, 
information exchange by e-mail, information retrieval 
on paper search and TV conference over Internet is 
indispensable for our research.
Network office administrates an operation and 
maintenance of network devices for comfortable, stable 
and securely network and also provides technical support 
of network and computers for users at IMR, such as ;
●??Maintenance of computer network
●  Operation and management of e-mail system
●  Support for Collaborative Research System by Web?
service
●  Operation and management of Large size printer for 
poster, TV conference system and Wireless LAN system
●  User support
●  Security measures
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LIBRARY
Head : Prof. 
Naoya MASAHASHI
?????
????????
???????????????
????
From Library to World of Knowledge!
Main Tasks
???????????????? ????????
? ???? ?????????????????????
???????????? ?????????????
?????????????????????????
?????????????????????????
?????????????????????????
?????
??? ??????????????????????????
?? ?????????????????
??????????????? ????????????????
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IMR Library holds of over eighty thousands books and 
about 1.4 thousand periodical publications related to 
materials science. Among them, a wealth of printed and 
manuscript materials from the end of 19th century collected 
by Prof. Kotaro Honda, the founder of IMR, are included. All 
members of IMR and visitors from other universities and/
or institutes are welcome to use the Library, and available 
service are provided by fi ve Librarians of IMR. 
1. Providing library service such as lending, retrieval, book 
copy and back order
2. Library selection including electronic information service
3. Maintenance of collection materials
4. Planning and management of library orientation for 
newcomers to IMR
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???????????????? Available Databases
??????????????????????????????????????????? ??? ?
????????? ??????????? ???????????? ?????????
??????????????????????????? ?
???? ?? ??????????
? Bibliographic databases: Web of Science, Scopus, 
SciFinder, CiNii, etc.
? Material databases: ICDD Cards, ICSD, Pearson’s Crys-
tal Data, Alloy Phase Diagrams, etc.
? Others: Newspapers, Chronological Scientifi c Tables, etc.
?? Books & ?ournals
????? ?? ??????? ???????????????????
??????? ????????? ?? ?????????????
?????????????
??????? ????????????????
Total volume : 82,125  (Japanese : 18,856, Foreign : 63,269)
Serial titles : 1,491              (Japanese : 457, Foreign : 1,034)
E-journal titles in Tohoku Univ. : 
13,947(Japanese : 585, Foreign : 13,362)
????????????
Orientation for newcomers
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Library circulation counter
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Reading room
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Takahiko SASAKI
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Assistance for Healthy and Comfortable Life 
in KINKEN
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The counseling office provides counseling services to 
support and help you with any problems in your daily 
study and research life in KINKEN. When something is 
bothering you, talking about it is the first step toward 
a solution. The counselor will help you to deal with the 
problems and guide you to appropriate further action if 
necessary. We are open to all students, faculty and staff 
members who study and work in KINKEN. All counseling 
will be confi dential.
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OFFICE OF SAFETY AND HEALTH
Head : Prof.
Toyohiko J. KONNO
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Make Safety First in Good Health
????????????????????????
?????????????????????????
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????????????????????????
?????????????????????????
?????????????????????????
?????????????????????????
????????????????????????
????????????????????????
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?????????????????????????
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???????????
In Institute for Materials Research (IMR), a variety of 
laboratory equipments and the newest experimental 
techniques are always employed for the research and 
development of materials science. These researchers 
involve risky operations and the management of toxic 
substances.
The office of Safety and Health makes safety guidance 
focusing on the regular patrol in laboratories, provides 
various kinds of safety and health educations, and technically 
supports all the members in IMR for the compliance with 
related laws such as Industrial Safety and Health Act in 
order that they may keep the research activities in safety.
The Offi ce of Safety and Health, headed by the Deputy 
Director of IMR, is composed of selected members of 
professors and associate professors, and five technical 
groups. It also organizes a regular liaison meeting to make 
the important information on safety and health well known 
to everybody.
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Supporting a Research in All Fields
?????????? ?? ???????????
??????????????????????????
?????????????????????????
?????????????????????????
??????????????????????????
?????????????????????????
???????????????????????????
?????????????????????????
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??????????????????
????? ?????????????????
????? ??????
????????????????????????
??? ??????????????????????????
? ????????????
? ?????????
? ???????????
??? ??????????????????????????
? ????????????
? ??????????
? ????????????
????????????????????
????? ?????????????????????????
? ??????????
? ??????????????????
? ??????????????
????? ??????????????????????????
? ??????????????
? ?????????????
? ??????????????????
??????????????????
??? ?????????????????????????
? ???????????????????
? ????????
? ??????????
??? ??????????????????????????????????
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? ??????????????
(1) Planning and Management Section 
???(Chief: Takamasa SUGAWARA)
 ?Supply of technical information
 ?Assistance for review operation
(2) Material Development Section
 ? (Chief: Ryunosuke NOTE)
? Material Preparation Group (Leader: Shin-ichiro TOZAWA)
  ?Preparation and development of new materials
  ?Synthesis of high-quality crystals
? Chemical Analysis and Material Testing Group 
    (Leader: Toshiko ITAGAKI)
  ?Chemical and instrumental analyses
  ?Characterization of material properties
(3) Special Environment Section 
 ??(Chief: Shin'ya TANNO)
?? High Magnetic Field and Low Temperature Group 
       (Leader: Kazunori HOSOKURA)
 ?Operation of high magnetic fi eld
 ?Supply of liquid helium and nitrogen
?? Radioactive Protection Group
       (Leader: Masanori YAMAZAKI)
 ?Support for handling radioactive materials
 ?Operation of hot facilities
(4) General Technique Section
 ? (Chief: Kenichi HONGO)
?? Mechanical Processing Group  (Leader: Toshikazu SATO) 
 ?Designing and development of experimental instruments
 ?Preparation of testing samples
?? Computer Network Group (Leader: Kazuhiro SATO)
 ?Service of computer network system in IMR
 ?Operation of supercomputing system
The Technical Service Center consists of six groups 
which are grouped in four sections. The center is staffed 
with 51 members. The main objective is to provide all 
phase of technical service for research laboratories, 
centers and facilities in IMR.
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Administrative offi ce
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General Affairs Department
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????? General Affairs Section
????? Personnel Affairs Section
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????? Administrative Offi ce
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International Research Center for Nuclear Materials Science
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General Affairs Department
Manager : Shiro CHIBA
? General Affairs Division
  Chief of General Affairs Section : Shuichi TAKEDA
  Chief of Personnel Affairs Section : Shigemi CHIBA
? Collaborative Research Division
  Chief of Research Cooperation Section : Hiromi YAMAZAKI
  Chief of Library Section : Shota HORINO
Finance Department
Manager : Hiroshi OZAWA
Assistant Manager : Keizo SATO
Assistant Manager : Osamu MAEGOYA
? Finance Division
  Chief of Budget Section : Tatsuya ONODERA
  Chief of Accounting Section : Megumi TOMOKANE
? Asset Management Division
  Chief of Procurement Management Section : Minoru YASUDA
  Chief of Asset Management Section : Hideaki YUSA
?? Facilities Division
  Chief of Construction Section : Eiichi SAITO
  Chief of Facilities Section : Nobuyuki NAGAMORI
Administrative Offi ce of International Research Center 
for Nuclear Materials Science
Head of Offi ce : Narimitsu YAMAGUCHI
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Superconducting Gap Structure in the
Uranium-Based Heavy Fermion Superconductor
Cu-Ti Alloy Wires with Ultra-High Strength 
and High Electrical Conductivity 
 Y. Shimizu, D. Aoki, S. Kittaka, T. Sakakibara, K. Machida 
and their collaborators clarified the superconducting gap 
structure in the typical heavy fermion superconductor, 
UPd2Al3, which shows the coexisitence of superconductivity 
and antiferromagnetism. High quality single crystals of 
UPd2Al3 were successfully grown, and the precise specifi c heat 
measurements were performed under rotating magnetic fi eld 
at low temperatures down to 0.12K. The holizontal line node 
was detected in the heavy band, and this gap structure was 
well explained by the theoretical model. This results will lead 
to the breakthrough for the mechanism of uranium-based 
superconductivity . The results were published in Phys. Rev. 
Lett., as “Editors’ Suggestion”.
Dr. Semboshi at IMR Tohoku University has developed 
novel copper-titanium (Cu-Ti) based alloy wires, collaborating 
with TOKUSEN KOGYO CO., LTD. The wires with Ti content 
of approximately 3.0 to 5.0 at% are fabricated by processing 
combining original heat-treatment and then cold-drawing. As 
a result, the wires possess an excellent combination of strength 
and electrical conductivity, as shown in the right figure. The 
wires have gained considerable attentions for applications 
in electrical devices such as pins for micro-connecters and 
relay controls because of their superior properties, which are 
competitive with those of the conventional Cu-Be alloys. 
The rapid report of the achievement was launched in the 
newspapers of “Tekkou Shimbun” (Sep., 13th, 2016) and 
“Nikkan Sangyo Shimbun” (March, 23rd, 2017).
????????????????????????????????????
???????????
Actinide Materials Science/International Research Center for Nuclear Materials Science
Trans-Regional Corporation Center for Industrial Materials Research
???????????????????????????????????? ??????????????????????
?????????????????????????????????????????????????????
??????????????????? ???????
Left-down panel shows the temperature dependence of the specifi c heat at fi elds in UPd2Al3 with the hexagonal struc-
ture (left-up panel). Right panel shows the specifi c heat in the superconducting state as a function of the fi eld angle.
Tensile strength and electrical conductivity of a novel Cu-Ti alloy 
wire, together with those of the representative Cu-based alloy wires. 
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Spinons as Carriers of Quantum-Mechanical 
Spin Current 
Ferroelectricity by 
Bose-Einstein Condensation of Magnon
PhD student Daichi Hirobe, Prof. Eiji Saitoh of Tohoku 
University, and their collaborators of Tohoku University as well 
as Japan Atomic Energy Agency demonstrated a novel type 
of spin current in quantum spin system (QSS). This was shown 
by observing a spin Seebeck effect in Sr2CuO3, which is an 
archetype of QSS consisting of one-dimensional spin chains. In 
this material, the quantum-mechanical correlation between spins 
is strong only in the spin-chain direction, and spin excitations 
from the correlated state are known as spinons. The researchers 
found that a spin Seebeck effect arose only when a heat current 
flowed along the spin chains; otherwise, it disppeared. This 
unusual behavior was undoubtedly traced back to the thermally 
driven spin currents conveyed by spinons. These results suggest 
potential appcations of QSS for atomic spin-current wiring.
This work was published in Nature Physics [Nat. Phys. 13, 30-
34 (2017)].
Dr. Shojio Kimura and Mr. Kento Kakihata at High field 
Laboratry for Superconducting Materials and the cowarkers 
have found the ferroelectricy by the magnetic-field-induced 
Bose-Einstein condensation (BEC) of magnon quasi-particles 
in the quantum spin dimer system TlCuCl3. Coherent 
superposition of the spin singlet and triplet states on a dimer, 
which occurs in the BEC phase, has a fi nite expectation value 
of an electric polarization, and thus the ferroelectricity is 
induced by the magnon BEC.  The ferroelctricity, found in 
this study, is very soft, refercting the isotropic nature of the 
BEC phase. The electric cohesive field Ec, which is required 
for reversing the electric polarization in TlCuCl3, is Ec ~ 0.03 
MV/m. This cohesive field is the lowest among those of the 
spin-driven ferroelectrics. This result was publishd in Nature 
Communications. 
????????????
??????????????
Surface and Interface Research
High Field Laboratory for Superconducting Materials
?????????????????? ?? ?????????
????????????
????????????????????
Quantum spin chains in Sr2CuO3. Magnetic ions Cu
2+ are 
aligned linearly along the b  axis.
Ferroelectricity by the fi eld-induced magnon BEC.
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Development of a New Resonator Using Novel Langasite-type Piezoelectric Single Crystal
? Improvement of Crystal Homogeneity and Commercialization of Low Cost Device by 
Establishing New Production Processes ? 
Tohoku University, Toshiba Shomei Precision Co., and 
Piezo Studio Inc. have developed a new resonator using 
novel langasite-type piezoelectric single crystal and also 
achieved commercialization of low cost device by establising 
new production processes from crystal growth to device 
fabrication. 
This resonator has attractive properties such as lower 
impedance, faster start up time, and wider band performance 
as compared with conventional quartz resonator and is 
promissing to contribute to downsizing and low power 
consumption of on-board equipment and to new application 
as wide-band filters. The key points for success were to find 
a proper composition with temperature-stable performance 
among ordered structures without scarce elements and 
to realize improvement of crystal homogeneity as well as 
reduction of production cost of the langasite-type crystals by 
developing a new growth process of large size crystal.
????????? Advanced Crystal Engineering 
????????????????
????????????????
????????????????
??????????????????????
Left: New langasite-type single crystal ingot.
Right: Resonators using the langasite-type single crystal. 
New spinal fi xation device approved for sale
 (Source: Century Medical, Inc.)
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Damage-Resistant, Hypoallergenic Spinal Fixation Device Approved for Manufacture and Sale
??????New Applications for a High-Value-Added Cobalt-Based Alloy Developed: COBARION®
Prof. Akihiko Chiba and Dr. Kenta Yamanaka at IMR of 
Tohoku University have developed a spinal fi xation device using 
COBARION®, which is a high-value-added cobalt-based alloy 
made by Eiwa Co., Ltd. in the Iwate Prefecture. The device 
has been approved for manufacture and sale. Cobalt-based 
alloys are strong, hard, and corrosion/wear-resistant, which 
makes them well suited for use in medical devices including 
joint prostheses and dental implants. The most notable 
characteristic of COBARION® is that it has the minimum 
possible nickel content. Nickel is a trigger for metal allergies 
in humans; thus, the risk of an allergic response to an implant 
using this alloy is minimized. With its approval for manufacture 
and sale, COBARION® is expected to become widely used as a 
biocompatible material
???????????? Deformation Processing 
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Reversible Ionic Switching of Nonvolatile 
Magnetic Phases
Hydride Complexes with the Highest H-Coordination Number Reaching “9”
The group of Dr. K. Taniguchi and Prof. H. Miyasaka in IMR, 
Tohoku University have succeeded in reversible magneto-
ionic switching of nonvolatile magnetic phases in an electron-
donor-/acceptor-metal-organic framework. Using the material 
as a cathode of Li-ion battery (LIB), electrical on-and-off 
control between paramagnetic and ferrimagnetic phases has 
been achieved through an insertion/extraction of Li+ ion and 
electron in discharge/charge cycle of LIB, respectively. The 
results could contribute to the development of a new type 
of voltage-programmable non-volatile memory devices. This 
achievement was published in Advanced Functional Materials.
Dr. Shigeyuki Takagi (associate professor at IMR of Tohoku 
University), Dr. Shin-ichi Orimo (professor at WPI-AIMR and IMR of 
Tohoku University) and collaborators have succeeded in synthesizing 
four novel hydrogen-rich materials, in which the “nine hydrogen 
atoms” bind to molybdenum, tungsten, niobium and tantalum, 
respectively, that have long been considered as elements not to form 
any hydrogen-rich materials. Besides the unusually high hydrogen 
coordination, all materials have specific electronic structures such 
that the contribution from the 1s states of nine hydrogen atoms 
reaches the Fermi level. Such hydrogen-rich materials have attracted 
much recent attention as potential candidates realizing high-critical-
temperature superconductivity of metallic hydrogen as well as high-
capacity hydrogen storage and fast ion conductivity, and as such the 
fi ndings will strongly stimulate further research in many disciplines.
The results were published in Scientifi c Reports, and introduced 
in “Nikkei Sangyo Shimbun”(March 14th, 2017) and “Nikkan Kogyo 
Shimbun”(April 13th 2017).
 
??????????
????????????
Solid-State Metal-Complex Chemistry
Hydrogen Functional Materials 
?????????????????????????????
????????????????????????
Electrical on-and-off control tuning magnetism is achieved 
through an insertion/extraction of Li+ ion and electron in dis-
charge/charge cycle of LIB, respectively.
???????????????????????????
????????????????????????????
Schematic depiction of hydride complex with ninefold H 
coordination, the high H density of which promise to give 
rise to superconductivity and super ionic conduction.
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